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Schlstosom|a3|s

Whéf"ié Schistosom|a3|s? ‘ RS s “Major rlsk group for schlstosom|a5|s

e Schistosomiasis also known asBille - Although the disease can affect all age groups and

‘Women manual workers, flsherman

worms of the genus SEhIStOSOn ale chlldren are mostly affected [77]

| f;.
ital schistosomiasis

ctor for HIV infection b

debilitating parasitic diseas

Schlstosom|a5|s% ot
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o Schistosoma haematobium, S. japonicum, S. .

"‘-;.mansoni S. mekongi and S. intercalatum [73,74,76] Treatmeng _
% he drug of choice for the

1 " ] ] - m -
- _ _ ,.7 of schi miasis.[75]

> commonest in Sub-Saharan Africa slobally, 76.9 million people received treatment

or schistosomiasis in 2020 - 59.9 million were

~ Sﬁar@oni _ intestinal schistosomiasis school aged children (55.2 million in African
= - region) and 17 million adults (14.5 million iIn

o

Infection is widespread in peor communities African region) [80].

iy : _ _ —
« S. Haematobium - urogenital schistosomiasis;
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Schistosomiasis Transmission

Schistosomiasis . .
Cercariae released by snail A orecive stage urogenital form - - haematuria

9 into water and free-swimming A Diagnostic stage (bl 0od in the Uri ne) pal nful

anvocvsiisnal @ =N Comaliiaioas iallsdika urination, bladder or kidney disease
(successive generations) (S5 ee—- penetration and become and the-women, -involvement of

schistosomulae 0

/\

fallopian tube may cause infertility

o/

Penetrate

skin e _"'-:_; : .
ciroulation © B al_form - diarrhoea, bloody
&% . tool, liver and or spleen
Miracidia penetrate ‘ I
pods el | | nlarge_ment, and portal hyperter?smn
Migrate to portal blood in '1Ion95| the associated
liver and mature into adults .
. Cco ations [75].
1 in feces A in urine . .
(2 R o IRE g Complications
E008 hiatol, Impaired learning difficulties and

releasing miracidia

\ recurrent typhoid fever in
Paired adult worms migrate to: children. [74’7 5]

S. japonicum , L mesenteric venules of bowel / rectum
W E e = (laying eggs that circulate to the liver
: S. haematobium and shed in stools)

A | | c C venous plexus of bladder and female 7
PN\ \ genital tract [ 8]




Schistosomiasis in Africa
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« About 78 countries have been reported to

: Sub Saharan Afnca (SSA) accounts for more than
harbor schistosomiasis \with-=5

( uman burden of schlstosom|a5|s [76]
classified to havg —"/—,?\

,_1 ca, Western - Africa, Central Afnt:a,

j *. el fica and=Selithern Africa are mostly

‘f ChFoR \;—f\\}“v?"/ F}(
oJis Jto"Northern Africa. [77] R

|

+ " schistosomiasis worldwide. [75] e ?‘\ ]
_ DL infected people live in Africa ‘

'.:". , —T\’\‘L
‘. sub Saharan Africa, Caribbean, Middle East# j " ‘

“Asia and South America [74] |
o Repehed In some parts of Europe and North
America rgely due to climatic Change and 19 million
human migration [75] - 127millon [79]
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transmission [73]

-

'3"' e 440 million people
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Distribution of Schistosomiasis A Ry ey

5 S. haematobium

———

S. intercalatum

Distribution of schistosomiasis - S haematobium + S. mansoni

@ High (prevalence 250%) @ Under evaluation; transmission possibly stopped 5 %

© Moderate (prevalence 10%-49%) O Non-endemic countries / - S. haematobium + S. mansoni + S. intercalatum

O Low prevalence <10%) O Notapplicable 0 1500 3 (in




Early Mathematical Models of Schistosomiasis

Macdonald [81] in 1965 developed the pioneering work on mathematical model of schistosomiasis using
probability of pairing.

Nasell [82] and Goddard [83] built on Macdonald’s model for schistosomiasis by relaxing some assumptions,
Nasell considered snail latency as a deterministic model while Goddard detailed the Macdonald work.

Feng et al. [84] - an age-structured model with multiple strains of schistosome and snail hosts with additional
mammalian host and a competitor snail species considering treatment of human hosts by chemotherapy, and
parasite resistance to the drug.

Allen and Victory [85] - a mathematical model for.schistosomiasis: infection with human and snail hosts, and an
additional mammalian host and a competitor snail Species.

Woolhouse [86] - Described different models that include the mean number of schistosomes per person and the
prevalence of patent infections of snails. Various modifications are: prepatent infections of snails; loss of infection
of snails; the effects of snail population dynamics; the effects of miracidia and cercariae population dynamics;
miracidia searching. efficiency; reservoir hosts; heterogeneous patterns of transmission; seasonality; and
predisposition to infection; variation in levels of infection with age and the effects of acquired immunity to
infection.

~ - . - - -~ . ~



Delay Mathematical Model of Schistosomiasis
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H.(t) - susceptible humans

H;(t) - infected humans

S, (t) - susceptible snails,

S;(t) - infected snails,

M(t) - mean spatial density of
miracidia

C(t) - mean spatial density of cercaria

d
dH.(t)
dt
dS(f)
e
dSilt a3(f)
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¥ ms

Fme

TR 4 A

Prepartent period of schismosome in human body
Incubarion period for egeg hatching

Time delay for miracidium

Maturation durarion of the sporocyst in snails
Marturation lag for cercarial growing inoo
schistosoma larva

Recruitmeent rate of suspecrable human
Martural death rare of humans
Transmission rare from infected humans
o recoversd hiumans

Transmission rare from cercaria

1z susceptible human

Contact rate( frequency) berween humans
and cercaria

Martural birth rare of snails

Marural death rarte of snails

Infecred rate from miracidia o snails
Contact rate berween miracidia

and snails

Martural death rare of miracidia

Hartching rate of miracidia from eggs
Srool production one person

Eggs producrion per gram stool

Marural death rarve of cercaria

Cercaria producrion per infecred snail
Cercaria habirat area

Surface warter area

Kouton et al. [87] investigated the impact of latent period of parasites within the
snail and human hosts on schistosomiasis prevalence incorporating distributed

delays.

Yang and Xiao [89] - A discrete delay model for schistosomiasis transmission where
the delay appears in the incidence term including masse action SI

Guiro et al. [90] -

a delay deterministic model

of schistosomiasis disease with

human and snail hosts and two general incidence functions.
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Life Cycle of
Schistosoma mansoni

Become schistosomula
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Fresh water Cercariae penelrate skin

[105]



Heterogeneous model for Schistosomiasis transmission dynamics

/—1 dS
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dCy;
dr
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= Iy, — BopSuls + ru Ty — MySy-

= fpSpyle — (11 (1 — k7)) + py, + dp )My
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= n_'.' - (ﬁc.ﬁ'c.’f + ﬁ.‘r.\'fﬁ’ + ﬁb.\'fﬂ}sﬁ - H.‘FSS"
. = {ﬁ?_rc.’:' + ﬁf!.‘i!H + ﬁi}_':"{h' }5‘: - H.‘:TIS'-

- =& p Al —eglg — u.Cp.

t1,t,: Disease
progression
rates,

k,v: Fraction of
humans and
bovines
treated,

7, Effectiven
ess of
treatment in
humans and
bovines

Sy: Susceptible humans, Iy: Infected humans, ° Madubueze et al. [92] proposed a heterogeneous model (Cattle,

Ty: Treated humans, Sg: Susceptible bovines, human an
I5: Infected bovines, Tz  Treated bovines,

d snail) with snail control measure.

S.: Susceptible snails, I : Infected snails, Cz: ° Chen et al. [93] studied the human-cattle-snail transmission of
Contaminated environment Schistosomiasis in Hubei Province, China




Age structure model within the intermediate host population

A Humans

\

Cercariae

Miracidia

\ Snails Y

Humans

Lero Worm
Burden

Prepatent Infection

Snails
Neopatal  Juvenile  SmallAdult  Large Adult
5 # 5 o 5 e 5
¥ ¥ ¥ ¥
E * E Y E +H E
¥ ¥ )
1 » | o 1

Model Structure

Small &
Large
(4L

No Age
Stratiheation:
All Large (L)

Completely Neonatal & Tuventle & Juvenile
Stratified Juvenile Sinall & &Large
Snail Ape Group | (N+J+5+L]) &Large Lazge [J+L]
(N+J1+L) (J4+84L]
|:| Meonatal
[(-bmm)
Ll Juvenile
[5-0mm |
L] Small Adult
[9-1 1o )
|i Large Adult

(114

a Diagrams of the model framework illustrating the complete
transmission cycle, the human infection status with variable
Schistosoma mansoni worm burden, and the age-stratified snail
population. S Susceptible class, E exposed class, I infected class, I,
infected and. castrated snails; I; infected humans with a low S.
mansoni burden, I, infected humans with a moderate S. mansoni
burden, Iy infected humans with a heavy S. mansoni burden.

b The completely stratified model for the snail population includes
neonatal (), juvenile (4), small (S) and large (L) adult age classes; this
Is simplified in various combinations in later model structures. The
colors represent the way in which the age classes are combined in
each model structure. The missing age groups in all models, excluding
the completely stratified model, are subsumed into the larger age
class.

For example, in the neonatal and juvenile and large (N+J+L) model,
small adults are subsumed into the large adult age class. In the small
and large (S+L) model, neonatal and juvenile snails are subsumed
into the small adult snail class. In every version of the model the
snails can still be assigned to any of the infection statuses [94].



Complex models for Schistosomiasis transmission

Aziz-Alaouil-et al. [95] - the impact of human behavior on schistosomiasis diseases using Sy [, MS.I.C model
and special functions for the human transmission and treatment rates, and shedding rates of the infected humans
and infected snails.

Kamara et al. [80] — the effect of treatment, public health education, and chemical control interventions using
Sy Iy M S 1.C model and saturation incidence functions with Cercariae (€) and miracidia (M).

Gao et al. [96] - the effect of treatment and snail control on schistosomiasis transmission using Sy I, MSI P
model with saturation incidence function of free-living pathogen«(P) and Holling’s type 111 functional response
of miracidia (M).

Das et al. [97] - Impulse optimal control of snail population and sanitation‘and treatment on schistosomiasis
transmission with only two-third of total Cercariae entering a human body, pair up to produce eggs and logistic
growth for the snail population.

Nur et al. [98] - the effect of health education and snail control on schistosomiasis transmission using Sy Ep, I, M

S,1, C model with mass action force of infections for M and C.



Complex models for Schistosomiasis transmission

Kanyi et al. [99] - the effect of treatment and sanitation on schistosomiasis transmission using
SyEnl, Ty N,,ScIcN. model and saturationsineidence functions with Cercariae (N,) and miracidia (NV,,,).

Ding et al. [100] - the impaet of incubation period of parasite in human body and optimal controlling of some
parameters such as transmission rate from Cercariae to exposed human,.awareness level and temperature using
H.H,H;MS.S;C model with mass action force of infections for M and C .

Feng et al. [101] - impact of migrating human population in persistence of Schistosomiasis using two migrating
human groups and infection-age density of infected snails which the human population was extended to n
human populations.

Kalinda et al. [102] - Optimal control temperature-dependent Schistosomiasis model using Snail natural

predator crayfish as biological control and molluscicide as chemical control.

Co-infection models of Schistosomiasis transmission

Okosun and Smith? [103] - Optimal control analysis of malaria-schistosomiasis co-infection dynamics.

Okosun et al. [104] — Cholera schistosomiasis coinfection dynamics



Further research possibility on Schistosomiasis

Delay in incubation period in infected definitive hosts by drug treatment,

Impulsive differential equation where periodic.water treatments are modeled as periodic pulses.

Saturation treatment function.te‘take into account due to limitation in treatment of infected humans

Model separate states for vulnerable age or demographic group

Incorporating seasonality with temperature and rainfall as weather variations effect.snail populations
Individual-based stochastic model incorporating spatial transmission

Co-infection of Schistosomiasis and typhoid as “Salmonella species which cause typhoid fever hides in the
sanctuary sites provided by the terminal spines of:Schistosoma eggs and prevent antibiotics for typhoid from
reaching them.

Host heterogeneities in human with age-stratified snail population-and dispersal in the model.

Time-delayed differential for Schistosomiasis transmitted among humans, animals, and snalils.

Incorporation of combined control interventions like treatment, public health education, chemical control and

snail control intervention strategies.



Further research possibility on Schistosomiasis

Immigration of-infectious humans

Application of molluscicide: what.is. minimum level of application of molluscicide to achieve the desired
outcome in practice, the texicological conseguences on water and/or soil pollution, and the ecological
consequences of removing a large fraction of the snail population from the-food chain and the overall stability of
the ecosystem is vital.

Immune responses and their effects on schistosame establishment, fecundity and mortality.

Determining the specific human age-group to be targeted for mass drug administration.

Diverting the cercariae to non-sensitive snails (to minimize the population of cercaria producing snails) by the
Incorporation of a competitor non-sensitive snail population.

The introduction of the population of predator fishes that prey on'sensitive snails

Using behavioral contact and/or shedding rate functions is not simple prevalence-dependent functions.

The spatial dynamics-(reaction—convection—diffusion model) of snails and/or cercariae.

Fractional derivatives such as Atangana—Baleanu derivative will give a more realistic description of the disease.

T T e . . R ® B b e



Onchocerciasis

Whatis Onchocerciasis?

Onchocerciasis, also called African river blindness, is a
severe debilitating parasitic disease« caused Dby .the
nematode Onchocerca volvolus_ transmitted through the
repeated bite of a vector,~female infected blackfly,
Simulium species [107, 108].  Onchocerciasis IS an eye
and skin disease and the second most important cause of
Infectious blindness worldwide aftertrachoma.

Where the blackfly breeds

The blackflies breed along fast-flowing rivers and
streams, close to remote villages located near fertile
land where people rely on agriculture.

Symptoms
Symptoms are caused by the microfilariae that move
around the “~human body and induce untense
inflammatory responses when they die.
severe itching, disfiguring skin conditions, and
visual impairment, including permanent._blindness.

L.ife cycle of Onchocerca volvulus
O. volvulus In the human host comprises adult
worms. referred to as macrofilaria and infective larvae
forms called microfilariae.
The macrofilariae accumulate beneath skin to form
nodules called onchocercomas,
Microfilariae migrate through the skin to eyes and
other organs [111].
Each macrofilaria produces a thousand microfilaria
per day-and has a life span of 11 — 12 years
Microfilariae has lifesspan of 1—2 years [109, 110].
The vector female “blackflies gets infected with
microfilariae during blood meal when it bites an
Infected human with onchocerciasis.
The microfilariae in blackfly undergo through several
stages and move to the proboscis where it uses to
pierce the human skin during blood meal.



Clinical Features of Onchocerciasis

The inflammatory reactions provoked by
the presence of microfilariae in the body

* In the skin: provoke itching leading to

chronic dermatitis called
onchodermatitis, lizard skin and
leopard skin.

* Microfilariae can block the"lymphatic
channels to cause elephantiasis of the
lower limbs and scrotum.

* Microfilariae in the eyes elicit reactions
that cause blindness. [108, 111, 110,
112]

Skin Tl]ic]@ening is a Symptom of Onchocerciasis

et —




Onchocerciasis Transmission

The Life Cycle of River Blindness
(Onchocerciasis)

BLACK FLY STAGES

© An infected black fly seeks
a blood meal from a host.

ﬂ Larvae migrate from the midgut bilihgand

to the black fly’s proboscis.

© Inside a black fly's midgut,
microfilariae develop into
L3 infectious larvae.

© Another black fly
becomes infected,
continuing the cycle

A black fly, feeding on the blood of an
infected person, ingests microfilariae,
and becomes infected.

SOURCE: Centers for Disease Control and Prevention

« The people most at risk for acquiring
onchocerciasis are those who live or
work near streams or rivers where there
are Simulium blackflies.

HUMAN STAGES

© An infected black fly starts the cycle
A black fly deposits larvae on the skin while

-~

the larvae enter the wound.

© Inside the
skin tissue,
larvae
develop
into worms,
which
cluster
densely in
nodules.

blackflies are found are rural agricultural
in  sub-Saharan Africa in t@e

NODULE

ocerciasis has been associated witF\
pilepsy and nodding syndrome which
e suspected to be due to cross-
acti of onchocerciasis specific
anti es with the nervous system
[10

© Adult worms mate and
produce microfilariae
(immature worms). A
female worm can
produce almost 1,000
microfilariae a day.

MICROFILARIAE

o Thousands of microfilariae migrate through
skin tissue, causing a variety of symptoms.

SYMPTOMS OF RIVER BLINDNESS

in sddiionto * Long-term missionaries, Peace Corps
n ues,yv en_ .
st > volunteers, field researchers, and other
inflammation .
causes sin long-term travelers to the endemic areas
rashes, intense
B o skin of onchocerciasis are at risk becoming

st ion el Neaton infected [113].

that result in blindness.

[ ]

It affects poor people in remote areas.

The Carter Center / Graphic by Al Granberg




Onchocerciasis-Treatment

Treatment for onchocerciasis is the use of ivermectin 150
mcg/kg given once or twice a year depending on the level
of individual disease burden and _community endemicity
[114].

WHO recommends treating onchocerciasis with Ivermectin
drug at least once yearly for 10'to 15 years [115].

inhibited  the

macrofilariae from releasing microfilariae for up to 2 years

Ivermectin kills the microfilariae and

after a single dose [108].

It does not kill macrofilariae and the macroflariae dies off
after 11—12 years [108, 111].

Mass drug administration of ivermectin via community
directed treatment-with ivermectin (CDTi) remains the

standard for the treatment of onchocerciasis [116].

More than 100 million people are treated each year under a
donation program [114].

Doxyeycline is a promising treatment that kills the adult
worms by Killing the Wolbachia bacteria on which the adult
worms depend in order to survive [113].

Ocular complications associated with onchocerciasis were
treatable, ‘are_managed by standard ophthalmic treatment
protocols.

It is advise to treat an infected with both with ivermectin

and with doxycycline.

Drawback of ivermectin - does not kill adult worm

Higher prevalence of onchocerciasis- Male gender, a
distance less than 2 km from the riverbank, noncompliance
to ivermectin therapy, and age of above 35 years [114].




endemic in the westsand cen _-7/

© Onchocerca volvulus aIsM‘l |

~_Treatment with ivermectin in people Wi ’ _ y
_ _ _ _ : 3ss than the life span of the adult
. coinfection can cause severe life-threatening adve

effects, including encephalitic reaction as a result ol

Coinfection of O. Volvulus with Loa loa

In some patients infected with onchocerciasis, there ,Tre;ﬁtment strategies rhay need to be adjusted, by

IS coinfection with Loa log arasi

g 1]

concomitant loiasis (Africa l

pwing the - Mectizan - Expert . Committee
"«f}\ :]34—-«3-/ recommendations for the prevention

entiof severe adverse events [115]. %

C
S N oy should be given yearly foiﬁ

D

\/E (] =

meaSLthould take cognizance of life

the Loa loa infection contributing to the hea
' of macrofilariae and microfilariae when

burden of microfilariae.[117, 119].

The inability-of ivermectin to kill adult worm is a designing frequency of preventive chemotherapy

drawback to eradication efforts in these endemic 2nd othernon-pharmaceutical controls.

areas of coinfection with Loa Idé [TTo——= o s —




Alternative-Treatment Strategies for Onchocerciasis

Increasing coverage, adherence and frequency of
Ivermectin  Treatment: increasing the frequency of
Ivermectin treatment (to twice or four times_per. year if
possible), as highlighted by the Latin/American experience:

Other  microfilaricidal = therapies = (moxidectin):
Moxidectin has not yet been licensed for human use but
have pass phase Il and phase I clinical trials conducted in
Africa to assess its safety and efficacy for the treatment of
human onchocerciasis.

Macrofilaricidal therapies (doxycycline): Doxycycline Is
effective against adult O. volvulus and also safe for
treatment of coinfected patients with Loa loa. It is used
with the combination of ivermectin.

Vector Control: Large-scale vector control, by weekly
spraying of . blackfly breeding sites with larvicidal
Insecticides and.. highly complementary to annual
Ivermectin MDA even in highly endemic settings.

Onchocerciasis Vaccine: Onchocerciasis Vaccine for
Africa (TOVA) Initiative has been established and
developed three candidate antigens that have proven
efficacious in three different filariae-animal systems.

Drawback s0F doxyeyecline- It is expensive for
Wwidespread community=based control and contraindications
In childrenstndéreignt years and in pregnancy




Burden of Onchocerciasis disease 1n Africa

« In 2019, it was projected that 217.2 million

people in 31 countries Iin Africa;ssiX In
Americas and Yemen in Asian, 99% of whom
were in sub-Saharan Africa, were at risk of
onchocerciasis and required  preventive
chemotherapy [120, 121].

14.6 million of the infected people already
had skin disease [115]

The disease is endemic in 31 sub-Saharan
African countries.

Vision loss due to onchocerciasis is estimated

to affect 1.15 million population [114].

0000

[T Endemic countries thought not requiring PC
I Endemic countries not implementing PC or not reported in 2017

7/ Countries verified elimination of transmission

W Countries applied for verification of interruption of transmission

B8 Endemic countries implementing PC in 2017 with geographical coverage <100%
I Endemic countries implementing PC in 2017 with geographical coverage 100%

] Non-endemic countries
] Notapplicable




Onchocerciasis Prevention and Control Programs

Personal protection measures against biting insects 5, :
Onchocerciasis Control Programme in West

« \Wearing insect repellant suchsas"N,N-Diethyl-meta-t .
Africa (OCP)

oluamide (DEET) onéxposed sKin, _ _ . :
( ) P OCP: treating the breeding sites of disease-

« Wearing long sleeves and long pants during the da
9000 p - ’ transmitting blackflies with larvicides to Kill

when blackflies bite, and wearing permethrin- treated
clothing [113].

the larva over a long enough time that the adult

worms would all die out [122].

 Avoid sleeping outside during the day time.
PINg J 4 « Cover Burkina Faso and six neighboring
Vector Control

e The Onchocerciasis Control Programme in \Aest SRS

Africa (OCP):  Time : 1774 — 2022.  Later double the coverage to 11 countries iIn

+ Aim:.To eliminate river blindness as a public 1986 and supplemented by large-scale
health problem and as an obstacle to distribution of ivermectin in 1989 [122].

socioeconomic development {122].



Onchocerciasis Preventlon and Control Programs

ad - - S =t Y Result of OCP
African Programme for Onch i S . Relleved 40 million people from Infection,
(AP {T\ mdness in 600 000 people,

8. million children were born free from
. Iaunched in 1995 to end®20: i o . %
f ,__,_;—/ o threat of t 3seand blindness [115]. '

5
' ]

million people were treated with

. objectlve controlling onch

“;;- endemic countries in Africa, 19 countries in East:anc «
 Central Africa [115].
" . . _ vermectin
- Its. main strategy: Establishment of sustali TX#
communlty -directed treatment with ivermectin (CD =7 cpi had“greatly decreased the morbidity
assocClated with onchocerciasis
 More than 800,000 people in Uganda and 120,000

and vector control with environmentally-safe methods

where approprl“a{e [115]

S e T o the 3 <raca mAfrlca people in Sudan no longer required ivermectin by the

i timethat APOC closed. [115]



e

Onchocerciasis Prevention and Control —~ Elimination major challenges
o : -+ incomplete elimination mapping of all transmission zones;
_Prog ram. co-endemicity of onchocerciasis and loiasis:

possible emergence of ivermectin resistance;

uncoordinated cross-border elimination efforts;

onfli ivil war:

[ m implementation;

ial challenges [123].

Drigrities t

A 'marginalized and migratory

i

nd Safe intervention strategies in settingsf

d loiasis are con-endemic. |

ping thresholds for MDA.
iars tools to support programme

= the programmatic utility of vector control

e Testing new therapeutic regimens.

Key: o o o o . . 1
e Optimizing survey design through the use of new geostatistical
[ APOC countries where CDTI is currently not applied too I S.
l ex-ocp i 4 . ; .
e R S S * Developing post-verification strategies.

since 2006

* Exploring opportunities to integrate surveillance.

Torsrde e Bemae i,



WHO
WHOQ.2012 roadmap

To overcome the impact of NTDs through the

identification of global and regional.targets for the

eradication, elimination, and control of NTDs by

2020 [124}. I
2012 Roadmap strategies I
preventative chemotherapy
intensified disease management
vector and intermediate host control,
veterinary public health

provision of safe water and sanitation [124].

Roadmaps

WHO 2021 roadmap
To achieve Sustainable Development Goal (SDG) targets on NTD by
2030 [125].

2021 Roadmap strategies
Increase accountability for impact by using impact indicators
Instead of process indicators and accelerate programmatic action.
To move away from siloed, disease-specific programmes by
mainstreaming programmes into national health systems and
Intensifying cross-cutting approaches with adjacent sectors such as
education, WASH, agriculture, environment, livestock, wildlife
(One" Health approach) centred on the needs of people and
communities.
To change operating models and culture to facilitate greater

ownership of programmes by countries [125].

~ - . - - -~ . ~



NTD Modelling Consortium

In 2014, WHO 2012 roadmap and the London Declaration on NTDs provided the impulse for the establishment of
the Bill & Melinda Gates Foundatien=supported NTD Modelling Consortium.
Motivation: Recognizing.many urgent policy issues for the control.and elimination of NTDs via the use of
quantitative tools, which.can only be achieved through strong collaborations between modellers, epidemiologists,
policy makers and field epidemiologists [126].
Questions to address:
where (and under which epidemiological scenarios) do models predict that onchocerciasis can be eliminated with
current strategies by the timelines proposed in the WHO (2012) roadmap.
In those scenarios where elimination cannot be achieved using the current strategy, which (and where) alternative
and complementary intervention strategies should ‘e deployed to facilitate/accelerate progress towards
elimination.
Note: These questions formed part of the national health programmes and APOC’s closure at the end of 2015 for

onchocerciasis control and elimination.



Onchocerciasis Models

There are two.-basic models which Onchocerciasis models are build from: EPIONCHO and ONCHOSIM

EPIONCHO

EPIONCHO is a deterministic, population-based
model that uses partial differential equations to
describe, with respect to time and host age, the rate of
change of the mean numbers of nonfertile and fertile,
adult female worms per host;" of. microfilariae per
milligram of skin and of infective (L3) larvae, per
blackfly vector.

Bas a~nez and Boussinesq [127] gave a protype of the
EPIONCHO without explicit age structure.

Filipe et al. [128] extended Basa~nez and Boussinesq
[129] to Incorporate host age and sex to account for
varying age- and sex-specific microfilarial profiles in
endemic areas- of northern Cameroon, central
Guatemala and southern-\Venezuela.

1. Parasite population regulation in humans

* Parasite establishment

A decreasing function_that depends on vector biting rate and the
mean number of L3 larvae per fly is assumed for L3 larvae
establishment (and development into adult worms) within the
human host [130].

Duerr et al. [131] assumed that the parasite establishment rate is an
increasing (positive density-dependent) function of the number of
adult worms already. established. describing a phenomenon of
Immunosuppression that would explain profiles of microfilarial load
that increase with host age.

« Mating probability of female adult worms

May [132] proposed that the probability that a female worm is
mated depends on: i. the sex ratio (assumed to be 1:1 in Onchocerca
volvulus); ii. the sexual system (assumed to be polygamous) and iii.
the distribution of adult worms among the human host population



Onchocerciasis Models

» Excess human mortality

Walker et al. [133] proposed a density-dependent relationship
between microfilarial load and relative risks 0f mortality
(human excess mortality).

Little et al. [134] - relationship between microfilarial load
and blindness incidence.

2. Parasite population regulation in vectors

« Parasite establishment

The probability of microfilariae (ingested by the vector)
developing into L3 larvae is a decreasing (negative density=
dependent) function of microfilarial load [135, 136].

« [EXxcess vector mortality

Microfilarial intake and the rate of vector mortality has a
density-dependent relationship such that the life expectancy
of infected flies decreases with the number of ingested
microfilariae [135].

3. Pre-treatment parasite dynamics

» Endemic equilibrium situation

Filipe et al. [128] presented an EPIONCHO model for the
situationy,of wendemic equilibrium before the inception of
treatment control.interventions.

« Transmission seasonality

Transmission of blackflies being.econfined to be more during the
rainy months when the vectors have repopulated the breeding
sites; this used a sinusoidal functional [137].

4. Post-treatment parasite dynamics

* lvermectin

Basanez et al. [138] modelled ivermectin treatment with the
standard dose of 150 mg/kg on the dynamics of skin
microfilarial load and the proportion of adult female worms
producing live microfilariae.

« Moxidectin
Awadzi et al. [139] studied moxidectin’s effects by fitting the
functions used by Basanez et al. [138]. It is a temporal dynamics
of skin microfilarial loads.

-~ . -~
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Onchocerciasis Models

Coverage and adherence
Basanez et al. [140] subdivide the human population into
fully compliant group who; takes treatment:every round,

two

semi compliant groups whostake treatment every

other round alternately;
a systematically non compliant,
group who never takes treatment.

Infection dynamics

The dynamics of infection intensity in human and vector
hosts under treatment with ivermectin (or moxidectin) with
hosts sex and adherence to treatment [140].

Other extension of EPIONCHO model

Mating probability [141]
Cumulative effect of treatment on female worm fertility

[140]

The details of the modification and extension
of ONCHOSIM can be found-in-[140]

ONCHOSIM

 ONCHOSIM is a stochastic, individual-based model for the

transmission and control of onchocerciasis.

The human population is represented as discrete number of

individuals.

« The tracks changes in human population and individual
Infection status Is in. one-month steps and age.

 Human transmission is captured by deterministic submodel,
representing the blackfly population dynamics and the fate of
the parasite in the fly [140].

Modification and Extension of ONCHOSIM
1. Human population demography
2. Parasite population regulation in humans
Exposure to fly hites
Parasite establishment
Mating probability of female adult worms
Microfilarial counts in skin snips
Blindness and excess human mortality
3. Parasite population regulation in vectors
Parasite establishment
Transmission probability



Recent Mathematical Models of Onchocerciasis Transmission

Omondi et al. [142] presented an optimal control for onchocerciasis

qB (Iy + xIy) Three controls considered

Av(l) =

- N * i.  personal protection against,
c e
S Hy Hv Hy q N P black-fly, enhanced treatment,
® T ppV I, pBly i = ricd .
= /'{_h(f) — = = I, Insecticiae spraying.
a NV N
o
"6 Parameter Description
s
g b, Human recruitment rate
JIry Death rate of the human
Br The rate of transmission of the
disease from black-fly to human
y Transfer rate from Eg to Iy class
aq Uptake rate of ivermectin
a- Uptake rate of ivermectin
a= Uptake rate of ivermectin
Pq Waning rate of ivermectin
- P Waning rate of ivermectin
o P Waning rate of ivermectin
-'Fu K Modification parameter
S P Modification parameter
o 3 Modification parameter
8_ b Vector recruitment rate
- B, The rate of transmission of the
© disease from human to black-fly
g n Transfer rate from E, to I, class
T JT Death rate of the black—fly
1y Control parameter
Uo Control parameter
s Control parameter
To Control efficacy




Recent Mathematical Models of Onchocerciasis Transmission

Omondi et al. [142] presented an optimal control for onchocerciasis

St = bt @St — A4Sy - w() - O + @) S, |
Ey = pSg(1—w()) + ¢,Er — (w()ag + 7 + ) En, Reproduction Number
Iy = YEg + @3lp — (p(f)a + ) I, . |
St = U(H)aySy — ApSr(1 — wy (1)) — (@, + K,) ST, Ro = %y = x-"'Rﬂh Ry
Er = (B + 8,5r(1 — (1)) — (oy + ¢, + 4,)Er, | where
;:: _ Ez{i)ii;pji ( r);@_g ;j;fl_?'m (DS, RE =B, 7u2g? Py + 1h10(9y(Qs + Whask) + Qp(Qsk + ¢3))
E, = ASy(l—w(®) - () + 1)Ey — ot ()Ey. b1Q1Q2Q3Q4QsQ6(1 — @)(1 — Py)(1 — D)
. ‘ o . $%haBm oy,  hae,
Iy, = nEy —uly — nus(t)ly, Ry = D, = by =

Q7 Qs Q,Qs ) Q3Qs
Dy = Qu[Qs(Qs + U203k) + U (Q3k + @3)].

-

Omondi et al. [143] presented onchocerciasis
Model with impulses : With pulse treatment of Q1 = + ,, Qx= U+ + p,, Q3= il + [,
onchocerciasis with ivermectin that occurs every Six
y Q=9 M, Q=pr+e,+ 1 Qs=¢; + 1y,
months. ey
1

QQs

Q7 =u, + oz, Qg=n+p, +nhuz, 0= ¢=1-u.




Challenges and Future Directions

« Relationship between operational endpoints, transmission breakpoints and stochastic fade-out

« Estimating basic and effective reproduction ratios:

For O. volvulus, R, is defined as thesnumber of mature female worms produced, on average, by a female worm during her
reproductive lifespan in the absence of density-dependent constraints (the equivalent of the beginning of an epidemic in
microparasites, when nearly all the host population is susceptible) [144].

«  Modelling the diagnostic performance of the skin snip method and serological assays in near-elimination
scenarios

« Modelling hypoendemic onchocerciasis

« Spatial models of onchocerciasis transmission

Hypoendemic Disease

A disease that is constantly present at a
low incidence or prevalence and affects a
small proportion of individuals in the area.
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