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Cameroonian painter,

“Painter of the year 2005”

Paralysed legs from polio

When designing our logo of the two
worms of man and cattle (according
to a draft of A. Renz), he particularly
insisted on the six legs of the
Simulium fly: It is the high motility of
these vectors, that delimits the
distribution of onchocerciasis.



Simulium damnosum s.l.
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Breedings sites of Simulium onchocerciasis vector flies

(1) Sudan savanna

Campement du Syrien, Vina du Nord. Touboro => Hyperendemic ! Blindness!



Breedings sites of Simulium onchocerci

Simulium biting rates
(on man) are much
higher than in the
Sudan savanna!

Vina du Sud, Guinea-Savanna, Galim: hypoendemic, no blindness => why?




Adultwiirmer im subcutanen Bindegewebe
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Ca. 17 million people affected

4. Larve
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Aufnahme durch Blutmahizeit Control

Penatration der Darmwarnd
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Zyklus Onchocerca volvulus (Onchozerkose) * No vaccination

in Afrika



Pathologie:

Die 0,3 mm langen

Mikrofilarien bevolkern die
Haut (bis > 100/mm2) und
zerstoren diese langsam.

Im Auge bilden sich erst
lokale, dann generalisierte
Entzindungen: Keratitis,
Iritis, Chorioretinitis und
Atrophie des optischen
Nervs

Die Erblindung trifft oft
schon Jugendliche.

Im Alter leiden viele Manner
an Augenschadigungen.

In der Savanne erblinden
mehr Menschen als im
Regenwald.

Wenk & RENZ, Biologie d. Humanparasiten, 2003
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Results from Tchollire:

Criteria for successful
control of onchocerciasis
in West-Africa

ATP 100

ABR 1000

Mathematical model
(Klaus Dietz)

:
_ | / I Results 1976 — 1979
) ""‘ rs off ﬂa?i => Blindness occurs at sites
;

with very high transmission
potentials (> 1000)

WHRY model malatie




Nana Hamadou, Fly-collector since 1984
The typical patient infected with onchocerciasis does not become blind
and is nowadays protected by lvermectin




Einer GeiBel der Menschheit wird zu Leibe geriickt

Die Tage der FluBblindheit sind gezahit

Neues Medikament bringt Hoffnung fiir Millicnen Menschen in Afrika und Lateinamerika

won ungerem Redakillonamitglied Georges Stavrakis

In unseren Breitengraden ist sie willig unbekannt. in groBen Tel-
len der Dritten Welt lbscht sie ganze Dorfgemainschaften aus:
die Onchozerkose, auch FluBblindhert genannt. Statistikan dar
Wehlgesundheitsorganisation (WHOY zuloige, sind weit lUber 50
Millionen Menschen in Afrlka und Teilsn Sidamerikas von der
vernichtendan Krankhelt bedroht, die von der schwarzen Fliege
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War der schwarzen Fliege, die die
Erankheit dherrdgt. honnte sich

Wie entsteht
Fluiblindheit?

FluBhlindhedt isc dns Ergetonls al-
ocr Infektion, die durch einen
Harnsiten, oinen Woarm, woemr
gacht wird. Dofallen werden e
allern Menschen, dic in Afrikn
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lium, ithertramgen. Sie legt ihre
Eier in Flitssen nh; dnher puech

wird ein Wurm in den Hirper
lbertragen. Dieser Wuarm hat
dem Maman ,onchecerca volna-
has und prodwezierl Millivonen
tikroskopisch  kleiner | lohy-
Wiarmer", die sopenannten Ry
kpofilomien, Diese befallen den
mangen Kiorper, besapders  die
Huut und dic Augen, was lot
lich 71 ainem Verlust des Seboar-
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der Schkpcalt. Kin cinfacher Coe-
weberaal reicht aus. um die Infi-

Obertragen wird, Allein in West- und Zentralafrika, so schitzt die
WHO, leiden zur Zeit mehr als 17 Millienen Menschen an Oneho-
zerkose = Tendenz steigend. Mun endlich ist Hilfe in Sicht. Ein
neu entwickeltes Medikament in Tablettenform kann unzdhligen
von Blindheit und Tod bedrohtan Manschen Gesundheit und Le-
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Human onchocerciasis in Cameroon, prevalence before Ilvermectin mass-treatments:

Sudan-Savannah
= Guinee-Savanna
= Mosaic-Forest
W  Rain-Forest O
Ngaou- -
ndere
?
LI
Douala
Yaounde

Touboro

Sudan-Savanne (Touboro, M. Galke):
> 90 % Prevalence
= Severe E}FE-IESi'Dr'IS

# Savanna strain of O. volvulus

Adamaoua-Plateau (Galim):
< 20 % Prevalence

* No eye-lesions, Oncho-strain yet
unknown

« Cattle-zooprophylaxis !!

Mentchum-river valley (not visited):

+ high prevalence reported
+ skin-lesions reported, strain unknown

- Cattle-zooprophylaxis 7?77

Rain-Forest (Bombe, Bolo)
# 95 % Prevalence

> frequent skin lesions, little eye-leions

# Rain-forest strain of O. volvulus

Diata from Ranz el al 1987, Wahl el 8l 1997, Anderson & Fuglseng, 1975



Can the fight be won ?

- community-based treatment
reaches 60-70 % all villagers

- transmission continues

- high risk of resurgence:
density-dependent regulation !/

- resistence against 1vermectin

- onchocerciasis 1s likely to disappear
from hypo- or mesoendemic areas

- combination of control measures:
macrofilaricide, vaceine,
zooprophylaxis, reduction of man-fly
contact, local vector control

COBE 2013
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Onchocerca __
ochengi T N 2Garoua volvulus
“The bovine model” / [Fomon) {
OubOrop ¢
Since 1992 — Loty Savannah type of human
o | onchocerciasis
Chemotherapy |
: R
immunology 'IE Prevalence > 90 %
biolo - :
9y ) N — many eye-lesions
Kun}’ba V'
. A i :
| B = river blindness
: | = epidemiology since 1976
o
N } = ivermectin since 1987

Programme
; \Tn Onchocercoses A. Renz
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ich produces meat for most of Central Africa,

wh

focused on a bovine filaria, Onchocerca ochengi, which is

highly endemic in cattle in Cameroon and transmitted by the same vector

IS

Adamaoua

S
"“....v.vou.m.w«:..».

fly, Simulium damnosum, as the human parasite, Onchocerca volvulus. We
use it as an excellent model for studying the biology, epizootiology,

immunology and molecular biology of Onchocerca-parasites.
Our partner institutions are the Institut de Recherches Agronomiques pour

le Developpement and the Université de Nagoundéré. Both institutions a

The study area in the Adamaoua highland is located in the centre of a
at studying the biolgoy and control of diseases of man and cattle.
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The bovine Onchocerca ochengi model:

This nodule-forming filaria, which is highly endemic on
the Adamaoua plateau, is very similar to O. volvulus in
man and thus ideal to study Onchocerca chemotherapy,
immunology and population biology.

Onchocerca ochengi

Vectors are members of the
Simulium damnosum group,
that also transmit O.
volvulus




Onchocerca ochengi in African cattle:

The bovine onchocercosis model
since 1990, A. Renz, D. Achukwi, G. Wahl, S. Trees et al.

20-50 intradermal nodules palpable Sequential nodulectomies . microchip-transponder

ST . tlatooipg

o T
" = o
h L=
- A, - ey
iy .,

L o =
PR it i i
i "' i

- -
o, .

- o | FA o
i o
% -

2 e gl 4,

1 female per nodule

§ g f Follow-up individual
' 8 & ﬁ' t nodules over years .
-.,-' I ' # i". . _‘:: =7

female : male =
1: 0,9

RN

longevity > 6 years

Nodulectorn ie e
W

Ly B o




Parasite-host crosstalks

Suppression of Internal Defence System,
Hypertrophy of host-muscle cell,
formation of syncytium

Brmino 3 of L3/L4
of mf ’ ‘lﬁil\ ESP
?m. =

Angiogenesis,
formation of
nodule Sex-finding and

mating behaviour

Microfilariae-birth-rate
and control of survival

Programme
Onchocercoses

DN

A. Renz

worm = Simulium vector

manipulation of fly-host:

suppression of Internal Defence System
hypertrophy of muscle cell (L1-L3)

worm == worm

parasite intraspecific communication:
selfregulation by apoptosis
location of nodules and finding of partners,
mating and microfilariae-production

worm == vertebrate host

manipulation of vertebrate host:
induction of nodule-formation
angiogenesis
immune-stimulation and suppression



Simulium — Onchocerca Crosstransmission

Chemotherapy
Vaccination
fly-protection

7.

0. volvulus ! ‘

larvicides

Simulium

0. ramachandrini f \ T WO’ b a Ch ia

O. ochengi

COBE 2013 A. Renz



Identification of Exretory-Secretory-Products (ESPs)
from adult worms => Hamburg

v’ 156 gels reveal sex-specific ESP-pattern
v’ so far, 10 lanes were analysed by LC-MS/MS
v identification of > 400 proteins

v’ enzymatic antioxidants, surface associated
and known immunodominant proteins

Froteins identified in the ES-products from fernale or male O. ochengi

] Female Male
| Signal peptide-carrrying e Cysiatin
E/S proteins of nematods ONtathions S.aransferasa 3 el
I. . Hﬂ.ﬂ-dup-n:;pai;nrm 1|Tmndmnh'::s'ﬁtpn:upm g
Microfilaria surface-associnted p. Prutalive nuchsar ancoded p
Transmamisana p. AADTETE, P22U
Pmunodominznt S CAL3T |
w18 Ag, Phosph.ethanalaming dp ' . \ .
mhlhachi;h ":;':‘?u B. (WSP) | Differences in the protein
: \ bands of E/S products from
Homolagues of dencribad o Teouciaee peclio anironcem | female vs. male O. ochengi
| tode E/S proteins Glutathione 5 -4rmnsberase Gakstin-1 (D) ! ; . [=]
rema L Thioredoxin percridase 1 immunodorminant fg Cu33 '
wio signal peptide o Pgd‘““‘“l“;ik 15 kDa ladder Ag ) e .
Korsductnee 75 kDa HEP 60, HSP 70, HSP 90 , i3
Thiol-specific anti-oxidant I 106 s
Immunedominant Ag Ova3 | =
HEP 60, HSP 50 | 0
Homelogues of not described g "ﬂ. ;nmah M'T"';“ 2 - Cmu\’;ﬁ-h P W
| A-like protein -s&l domain contaiming p. |
Pemeiods % prise OvT1 major antigen Calponin homolog OvaM. -
MSMS seauancina of 10 lanes b H BERNHARD-MNOCHT-INSTITUT
. | FOR TROPENMEDIZIN
a
T, e
] i ]

N. Brattig
F M K. Manchang

DFG Conference Bonn 28-30. June, 2012
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Sequencing gel of ESPs

from female and male Onchocerca ochengi
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4-800x concentrated

Protein bands female: 10-15/25/30/40 /50 / 75

COBE 2013

Male: 10-15/20/30 /40 kDa

Male
Lane4 Lanes5
0 0
ta | [1la
B 1l b ]
2a 2a

3a
3a

4a
>
N. Brattig

K. Manchang



Female
adult
worm

Micro-
filaria

A.Renz

Immuno-

ES-product dulati
- moduiating
and putative | MW -
fu |I1Jction Activity
(M. Breleur, BNI)
OV 7 Onchocystatin |18 kDa | SUPPression
(+ control)
oV 103
microfilariae surface- |16 kDa| no modulation
associated protein
RAL 2
Immunodominant |19 kDa| no modulation
hypodermal antigen
MIF-1
_ mac ro_pha_gt_e 12 kDa| no modulation
migration inhibitors
factor-1
OvVSOD
Onchocerca volvulus no modulation
superoxid-dismutase
NLT 1
novel larval transcript |24 kDa | suppression
1
ALT 1

abundant larval
transcript 1

16 kDa

suppression

ALT 2

abundant larval
transcript-2

13 kDa

suppression

Hypertrophy of
host cell-syncytium

Al __-__-__7_,'#:::;7

T iy 5 —

e

i
l i
={ { eEr g
tal 2
?; ; E"‘l':l ‘—A--\-o-\
?-E .-}‘
Priming {“11':-5 :\)ﬂ;?_;a“t-lzn
e AL
of mf | ??\
Angiogenesis, )
formation of Sex-finding
nodule and mating
Mff-Birth-rate behaviour
and control

Parasite-host crosstalk

* parasite intraspecific communication;

density-dependend self-regulation by apoptosis
location of nodules and findig of partner,
mating and mff-production

« worm => vertebrate host
induction of nodule-formation
angiogenesis
immune-stimulation and suppre ssion

« worm => Simulium vector
hypertrophy of muscle cell (L1-L3)

DFG Conference Bonn 28-30. June, 2012



Back to the field:

= Longitudinal follow-up of
Simulium Biting Rates

and

— Onchocerca volvulus -
Transmission Potentials ——,

. gaou-

since up to 36 years: ndere

=> Setup of an
experimental cattle herd
to study the bionomics

of Onchocerca ochengi:

= regular fly-catches,

— dissections of flies

— identification of
Onchocerca-larvae in wild-
caught Simulium flies

DFG Conference Bonn 28-30. June, 2012



Institute of Agricultural Research for Development (IRAD), Wakwa Center,
8 km SE from Ngaounderg_

=
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Laboratory and administrative buildings of IRAD, Wakwa
(IRAD = Institut de Recherches Agronomiques pour le Dévéloppement)

Build in 1985 with funding from the European Community, this research
Center is studying live-stock management and cattle diseases on the
Adamaoua highlands. It is a partner in our projects since 1987.




IRAD Laboratories in the
Cameroon TV (2011)
D. Achukwi, A. Eisenbarth




30 calves at the River Vina du Sud
exposed from birth to natural transmission

= monitor Simulium biting rates

- = Onchocerca transmission potential
. = acquisition of Onchocerca nodules

= microfilarial population in the skin

Ry
.........




After 2 years of exposure: Acquisition of
Onchocerca ochengi nodules in cattle

— o
infested ho. O. ochengi
—_—  medium nodules
infested per calf
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A. Eisenbarth, D. Achukwi, A. Renz DFG Conference Bonn 28-30. June, 2012



COBE-Project objective:

How shall the acquisition of nodules and the density of
microfilariae in the skin of cattle continue over the full duration
of parasitosis?

As the worms survive most probably can survive for 6 years”
(or even longer!), the build-up of the worm-populations shall
continue for the same period. Only after 7 years, a steady state
of turn-over is to be expected!

In human onchocerciasis, where O. volvulus survives for 10 to

15 years, this status is reached at the age of 25 to 30 years.



After 2 years of exposure: Acquisition of
microfilarial densities in the ventral skin

Onchocerca ochengi (left) and O. gutturosa (right)

Q. ochengi [
mff/ mg |

0. gutturosa
mffimgq

|
| 45
| A0 1370
a5 16,00
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..... 0 2L
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oo 2= animal codes T
= and dates of N -

birth

dates of examination
(skin biopsy)

COBE 2013

A. Eisenbarth, D. Achukwi, A. Renz



...expected results, when observed over 8 years:

F0.a00 300

= ow infested

'% G0.000 —— medium infested 250
T —#—highly infested total L3 Oo per animal
% 50,000 (extrapolation)
53 Results from a herd of s
£ 3 4nooc cattle =
5® froma nearb 150 &
o y area &
E 20000 B g
= 2
= ... actualnodule loads S L 0 o
s 7 in our animals all the noduie ?
? loads increase . o
| .
1600 m " . according to
u a .
”?
D........““'- S — N —— tra,nslmlssllon, SR
1 G 11 16 21 26 21 3G 4 4G 51 55 c1 GE 1 Fllc] a1 B85 H G5

months post exposure

> we expect data on parasite acquisition, turnover, life expectancy
» influence of premunition (1) and immuno-suppression (|)
> is resistance against adult worms or microfilariae stable or does it change over life-time?

» how do immunological parameters in the blood of cattle correlate with their parasite loads?

A. Eisenbarth, D. Achukwi, A. Renz COBE 2013 A\ﬁ

IRAD
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Expected answers from the bovine model:

Population biology of Onchocerca ochengi:

— quantitative data on L3-development rates
— self-regulation of the worm load

— sex-finding and mating

— territory defence of adult worms

— longevity and turn-over of worm-population

Genotyping of single worms and microfilariae, implantation of L3 /
L4 into subcutaneous microcapsules

training of students !

=> Students of biology & veterinary science from Ngaoundére and
Germany do their practical work on this cattle herd
(parasitological, entomological and immunological studies)



Can onchocerciasis be eliminated?

Our data from Northern Cameroon (Vina du Nord valley) show, that transmission still continues after 25
years of annual Ivermectin mass-treatments. However, zoophrophylaxis by cattle has a beneficial effect in
reducing transmission of human onchocerciasis on the Adamaoua-highland.

According to the zoophily of the Simulium vector populations (proportion of bloodmeals on man), the
threshold levels for endemicity is between 273 and 5.000 flies (h=1 and h=0,1, after Renz et al. 1994).
Levels of ATP should probably be well below 10 L3 per man and year, a level that is very difficult to
assess by dissection of flies.

-

Vina du Nord, Touboro-1985:
__Pretreatm s

4

Ivermectin- Mathematical model of human onchocerciasis:

Masstreatments: Effects of zooprophylaxis
decrease of O. volvulus; prepny

increase of O. ochengi

Ivermectin mass-treatments

h:
Fropartion of
bloodmeals taken
fram human

OATI

o wai!
Lt

- g 10 100 1000

19861587 198614987 2000-2004 G|

19761977
m; Simulium population density in relation to man

Eradication impossible, @ treshold of endemicity: h = 1
3 risc of development of drug
resistence

— 273 Simulum bites § man & year

treshold of endemicity. b = 0.1 = 5 000 Simuium bites / man & year
from RENZ et al. 1994

A. Eisenbarth, D. Achukwi, A. Renz COBE 2013 M Sg

TRAD




Simulium damnosum s.|l. ABR (Apr-Mar) Galim - Wakwa

250.000
5 200,000 Entomology Results:
< Dynamics of Simulium Annual Biting Rates (flies/man, year)
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Since 1985, we monitore the Simulium Biting Rates on man at the Vina du Sud ™
near Ngaoundéré (Galim). Biting rates were extremely high, up to over 200.000
flies per man and year, but seem to have declined since, for yet unknown

reasons
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O. volvulus ATP (Apr-Mar) at Galim-Wakwa
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~__ Simulium damnosum s.l. ABR {Apr-Mar} at Soramboum
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Much in contrast, the Simulium damnosum

s.l. Annual Biting Rates seem to raise and

fall in cycles of 5 to 15 years , but are over
all much lower than at Galim. However,

former - | . .
. onchocerciasis was highly endemic before
hyperendemic . . . -
area our first experimental ivermectin-

treatments started in 1987.

# Yaounde _



In our earlier studies from 1976 to 1979, the village Mayo Galke, situated at the
river-banc of the Simulium-breeding river Mayo Re was the example for
hyperdenemicity, with many eye-lesions

Precontrol hyperendemicity, 2000 L3 O. volvulus | man,year

=> construction of a cotton factury in 1980

=> rapid socio-economic development, ivermectin treatments since 1990

Mayo Galke in 2012 => nowadays, onchocerciasis seems under control !



Capacity building, training of students & collaboration

Setup of functional in-vitro,
immunology and molecular biology
laboratories at IRAD, Wakwa and at the
Programme Onchocercoses lab of the
University of Tubingen in Ngaoundéré

Entomological, parasitological and
epidemiological techniques for field-
work

Oncho-presentation in the villages

9 Cameroonian and 4 German students
trained in Cameroon

6 Cameroonians trained in Germany \%_

COBE 2013 OnChO'Lab, Ngdéré ‘/\

workshop with 50 participants from
Germany & Cameroon




In 1996, our project moved to a new site in Ngaoundéré. However, these old colonial
houses had first to be renovated. Within 6 weeks, the new lab was set up!




construction of Ia—bench
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The Programme Oncho-Lab in 2012




Laboratory and garden in 2012




For the needs of the DFG-Secretom-project,

an in-vitro lab was needed and was set up
within 6 weeks

(construction of clean-bench in 2009)




Sarah Reiling ar
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Camerooninan

working at
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The new molecular-biology lab, constructed by Albert Eisenbarth in 2012
(Jeremie preparing the PCR-samples)



Perception among local authorities and communities

» 36 years of field-work in Cameroon

 Successfull collaboration with local authorities and
institutions

« The project is extremely well received and recognized

« Control of human onchocerciasis (river blindness) is
based on our epidemiological field studies

T -r .- -‘ | - ‘
Meeting with provincial health-delegate
and Mectizan-distributors

Jury master defence,
Uni Ngdere, March 2011

COBE 2013



Students

Scientists

Workshop

.

Teaching & Training

Cameroon

Stephanie Maier (TU)
Daniela Renz (Tu)
Anna van Hoorn (HH)
Silke van Hoorn (HH)
Sarah Reiling (TU)
Tobias Schrader (Mu)
Constance Mebatu (UN)
Achille Paguem (UN)
Babette Abanda (UN)
Nancy Ngwasiri (UN)

Alfons Renz (Tu)
Albert Eisenbarth (T0)

Mark Bronsvoort (UK)

Medical Entomology
9 Tubingen students
40 Ngaoundéré students

NV
/AN

Germany |

Djafsia Boursou (HH)

Nancy Ngwasiri (HH)

Jaqueline Diktie (MQ)
Eko Boloko (Mu)

David Ekale (Nigeria)

Dieudonné Ndjonka (Mu)

Daniel AchuKwi (TU, HH)
Kingsley Manchang (HH)

— Conclusion:

Research on the biology, immunology and control
of Onchocerca parasites is still a priority.
Especially now, that good results from the mass-
chemotherapy suggest that control came close to
the elimination of the parasite. Yet there is a high
risk of recrudescence of the parasite, when
resistance would turn up or control measures
would be reduced, which both is likely to occur.

Apart from this, Onchocerca ochengiprovides an
unique model for studying the population biology
and immunology of nematode parasites

DFG Conference Bonn 28-30. June, 2012



N
Oncho-Presentation March 2011 in KARNA-Manga,

one of our study-villages, that we examined for oncho-
prevalence and transmission from 1990 to 1993

20 years ago
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Cameroon-seminar in Tubingen WS 2011/2012

In preparation of the excursion to Cameroon, 15 students in Tubingen participated in a seminar, which

included a variety of topics, from parasitology, ecology and ethnology to Cameroonian cooking.

Kamerun-Exkursion-2012 LAV D ) T;FMEGW‘(”ﬁSE‘ GAA
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Medical Entomology & Parasitology workshop in
Cameroon, Feb-March 2012
' => 9 students from Germany —

=> 40 students from Univ. Ngaoundéré | 4% =
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Medical Entomology, Parasitology & Epidemiology Workshop
University of Ngaoundéré, Feb-March 2012
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PCR for identification of Onchocerca-L3 Observation of Simulium-feeding trial

9 German and 40 Cameroonian participants COBE 2013



Simulium-breeding sites, examination of larvae, ‘magic-cow’-fly-trap, fly-catching on cow




Magic Cow

« Anflug u. Landeverhalten
der Kriebelmucken
(Simulium spec.)

« Auffinden des Wirtes
- optisch / olfaktorisch?
- CO,, Urin, Rinderhaut...

« Unterschiede beim
Anflugverhalten im
Vergleich zum Menschen




David Ekile
~Laboratory

assistant since
1984,

now studies at .~
Nzuka University jn

e Nigeria




Production of Excretory-Secretory-Products (ESPs)
worm isolation, incubation in vitro => Ngaoundeéré
=> jsolation and preparation of adult worms f_rom the abbattory
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Preparation and
colour coding
-of worms

Constance Mebatou
&

Ngwasiri Ngwafu

Together with Stefanie Maier, they
developed a method for age-
grading of adult Onchocerca worms,
based on the colour of the cuticula.




Teams involved in CGCP
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Teams involved in COBE
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Deutsch-Afrikanische Kooperation
DFG-Projekte




