


COMPENDIUM ON CYSTIC ECHINOCOCCOSIS IN
AFRICA AND IN MIDDLE EASTERN COUNTRIES
WITH SPECIAL REFERENCE
TO MOROCCO

EDITOR

Dr. Ferron L. Andersen

Department of Zoology
Brigham Young University
Provo, Utah 84602, USA

CO-EDITOR
Dr. Hammou Oubhelli

Department of Parasitology
Hassan 11 Institute of Agronomy
and Veterinary Medicine
Rabat, Morocco

CO-EDITOR
Dr. Malika Kachani

Department of Parasitology
Hassan II Institute of Agronomy
and Veterinary Medicine
Rabat, Morocco




Copyright @ 1997 by Brigham Young University, Provo, UT 84602, USA.
All rights reserved.
Printed in the United States of America.




CONTENTS

Acknowledgments . SRRSOy i

FOreVOId i osinionuniss sovisispamsiaoseisss ; v

Part! General Information on Cystic Echinococcosis

1.

i

e
v

il
'

Introduction to Cystic Echinococcosis and Description of
Cooperative Research Project in MOrocco ....oocovcismsininians T 1
Ferron L. Andersen

Echinococeus granulosus: Biology and Ecology ..o S P AT .18
Robert L. Rausch

Quantifying the Transmission Dynamics of the Family Taeniidae
with Particular Reference to Echinococcus spp.: An Update.......oveun. 54
Michael A. Gemmell L

Sources and Uses of Surveillance Data for Cystic Echinococcosis wuieiiomiiiain 72
Peter M. Schantz ¢

Immunodiagnosis of Echinococcus granulosus and a Comparison
of Techniques for Diagnosis of Canine Echinococcosis........... : 85
Philip 8. Craig

Critical Points in the Clinical Management of
Cystic Echinococcosis: A Revised Review.. ..o 119
Zbigniew S. Pawlowski

Partll  Cystic Echinococcosis in Morocco

-
fa

Morocco: A Brief Overview of the KiNGdom ...uumsesmsssssssssssssssssssssasssssassssssassssisssss 139
Hammou Oubelli

% Prevalence of Echinococcus granulosus in Dogs in Morocco and Potential

S

Role of Dogs in Transmission of Cystic Echinococcosis ... 145
Hanmmon Oubelli, Ablam Kadiri, Mobhamed El Hasnaoui, and Malika Kachani

Prevalence of Hydatid Cysts in Livestock in Morocco and Potential Role of
These Intermediate Hosts in Transmission of Cystic Echinococcosis ........... e, 156
Malika Kachani, Hammou Oubelli, Ablam Kadiri, and Mobamed El Hasnaoui

92 Preparation and Evaluation of Educational Aids on Cystic Echinococcosis

M- MOTOCCO ivsvisassinsvessvsaiaossvsssasssssas i s AR T TR A LT S TR 169
Mulika Kachani, Hammou Oubelli, Hicham Tabyaoui, Mohamed Bouslikhane,
znd Ferron L. Andersen

vii



11. Surgical Procedures Used in Morocco for Removal of Hydatid Cysts .o 186
M. Lyagoubi, S. Mouline, A. El Mesnaoui, A. El Aziz, and M. Cadi Soussi

12. Retrospective Survey of Surgical Cases of Cystic Echinococcosis
in MOrocco (1980-1992) w..veveeriimriesiinniansinsissesasessssiasiasinsssssssssnssnsssassasassnassesns 194
Abderrabmane Laamrani El Idrissi, Jaouad Mahjour, Mohamed Ayoujil, and
Abdelaziz Barkia

Partlll Cystic Echinococcosis in Africa

13. Cystic Echinococcosis in Northern Africa (Excluding Morocco):
Veterinary ASPECES ..cvvieeivuiaeriesssasissssansisissassess T - 207
M, M. Ibrabem and A. M. Gusbi

14, Human Cystic Echinococcosis in North Africa
(EXClUding MOFOCEO) «uvvurveriusmiansiensissesensssssssssssissssismssnsssssassissnsasisnsssssasassssssbsssasns 223
Mohanied Kaled A. Shambesh )

15. Cystic Echinococcosis in Africa South of the Sahara ..o 245
Calum N.L. Macpherson and Timothy W.M. Wachira

Part IV Cystic Echinococcosis in Middle Eastern Countries

16. Cystic Echinococcosis in the Gulf Littoral States .....ccmimiimmimiiin, 281
Fazal K. Dar and Tarif Alkarmi

17. Cystic Echinococcosis in Levant Countries (Jordan, Palestinian Autonomy,
Israel, Syria, and Lebanon).....ciiiiineieriniaseinsimsisisisismsissssi 292
Sami K. Abdel-Hafez and Shaden A. Kambhawi

PartV Summary

18. Economic Evaluation Techniques as Tools for the Planning and
Evaluation of Echinococcosis Control ProOgrams ......ciiiienmiemiumesinnmssmsans 319
James M. Nonnemaker and Peter M. Schantz

19, Formulating Policies for Control of Echinococcus granulosus:
An Overview of Planning, Implementation, and Evaluation ... 329
Michael A. Gemmell and Peter M. Schantz



————

19. FORMULATING POLICIES FOR CONTROL OF ECHINOCOCCUS
GRANULOSUS: AN OVERVIEW OF PLANNING, IMPLEMENTATION,
AND EVALUATION

Michael A. Gemmell' and Peter M. Schantz*

‘World Health Organization

Collaborating Center for Surveillance and Contral of Echinococcosis
Department of Clinical Veterinary Medicine

University of Cambridge

Madingley Road

Cambridge CB3 OES, UK,

*Division of Parasitic Diseases

National Center for Infectious Diseases
Centers for Disease Control and Prevention
Public Health Service

Atlanta, Georgia 30333, USA

SR TUT————TT 0 s 329

I. Introduction ... 330
11, Phases of a control program 331
1. Considerations during the Planning phase e y ...332

A. Selection of options for control ... < RORBREES K 1

B. Planning a horizontal approach (option 2) 333

C. Planning a vertical approach (options 3, 4, S)isseeses sorppinantns PERE!
1. Human cystic echinococcosis (CE) w334
2, Canine echinOcoCCosIS vmmmiassinn 334
3. Echinococcosis in food animals ... 334
4. Errors i meat INSPECTiON oomersesssnmsmrnressistins NP JOR LSSk PR ORI IS . 335
5. Sylvartic animal echinOTOCCOSIS cuuisanrrarsansesiasassasarens y 335

D. Quantifying costs and benefits of control ......... SRRy ISRRUOUUSEER | s MR OCOR APPD Ot 2

E. Quantifiable losses from echinococcosis and costs of contral
1. Human cystic echinococcosis (CE) i

2. Animal production and economic losses ...

3. Some costs incurred by applying control....

IV, Monitoring progress during the Artack phase .ccooouiiemnnee.
A. Surveillance of human cystic echinococcosis (CE) .

B. Surveillance in food animals. i

C. Surveillance in definitive hosts

V. Evaluation of the Attack phase in island and contine

ntal control programs.

A. Comparison of effectiveness of control Options ...

1. Option 2—horizontal approach. s s

2. Option 3—educational approach with arecoline surveillance oo

3. Option 4—educational approach with positive dog euthanasia policy ......

4. Option 5—frequent dog-dosing CAMPAIBNS (yererresasins AL PP IO E L PP SRR S P E oD 340

5. Dog-control policies .......... e i daA AN A AAR SN SRR SRR S SSSAES 340
VL. Transformation to the Consolidation phase w342
VIL Administration, legislation, and funding .. 342

ABSTRACT: This review identifies some of the steps taken to control Echinococeus granulosus in 1t domestic life
cycle, There arc at least 4 phases in a control program. In the first, the Planning phase, operational research is
undertaken to {1) quantify in baseline surveys the transmission dynamics of the parasite in humans and ammals,
(2} assess through field trials the mast cost-effective frequency of dog-dosing, and (3) estimate cOSTS, benefits, and
duration of the Artack phase. Appropriate operational research should be undertaken using the scicnrific
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resources of the region, such as universities and research institutes, When the plan has been complessd, = maw
approved by the legistature if it is to be funded through that source for its duration.

The Attack phase may have 2 objectives. In a horizontal approach this may consist only of loss s
education of the public, upgrading of hygiene at abattoirs, and dog control. This approach may sesssms S5
population bat, on irs own, is unlikely 1o modify transmission, This may continue indefinitely or pescste S
introduction of a vertical approach with its specific educational program involving community partopeses &
gain support for the treatment of dogs. Because of high costs, an important requirement is 1o transforms s
as soon as feasible, once transmission to humans becomes an unlikely event, to the Consolidation phase
the importance of baseline and continuing surveillance of humans and food animals. This phase suspends
of dogs or frequent dog treatments, and emphasis is placed on quarantine of premises sull submiting
food animals through an established surveillance program involving mear inspection. Withowr adessss
surveillance and control of animal movement, transformation from the Artack to the Consolidation phas &
difficulr if not impossible; the program may then be terminated for being no longer cost effective and e passss
may return to its onginal prevalence. The Consolidarion phase is apphied permanently in continennal pesessss
but it is possible to reach the Maintenance of Eradication phase in island progriams, In both situsmess. S
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registration and barder reserictions on entry and re-entry muss be retained permanently.

I. INTRODUCTION

As standards of living and educartion
improve and populations drift from rural to
urban status, there is clear evidence that cys-
tic echinococcosis (CE), infection by the ces-
tode Echinococcus granulosus, declines in
humans. Nevertheless, the process of mod-
ernization intensifies the need to implement
active control programs to accelerate the
process. During the past half century several
successful as well as unsuccessful programs
for controlling this parasite have been under-
taken. Experiences gained from them have
shown that policies for permanent control
must be developed that can be realistically
sustained within health budgets that are
never large enough to meet all the needs of
the community. It follows that business
methods more and more must be applied to
discriminate between claims for limited dis-
cretionary funds available from health and
agricultural budgets for planning, imple-
menting, and evaluating control, In addition,
it is now known that, because of rthe long-
term nature of a control program, a critical
factor for completion is that of obtaining
and maintaining sufficient funding from the
legislature or governing body. Similarly, loss
of confidence by the legislature resulting
from madequate evidence of success may
well result in premature withdrawal of fund-
ing. Indeed, the collection of effective base-
line and subsequent surveillance data must
be made so that control policies can be
changed and the program remain cost effec-
tive if support is to be maintained (Yekutiel,
1980; Gemmell and Lawson, 1986; Gemmell
et al., 1986a, 1986hb, 1987; Roberts et al.,

1986a, 1986b; Gemmell, 1987, 1990, 1885
Schantz, 1993; Ghirotri, 1994; Roberms st
Gemmell, 1994; Gemmell and Robesn
19935, 1996; Schantz et al., 1995).

Two major philosophies have been appies
to determine control strategies. The S o
horizontal approach, emphasizes longsssm
primary health care to enhance soco-sas
nomic advancement of the population, Shess
by improving individual lives and the st
being of the community. This apprascs
includes education, sanitation, upgradag
meat inspection, and developing safe wans
supplies; these measures, however, may s
result in control of parasite transmisssos o
achieve a reduction in prevalence of CE &
seems that a control program, if it is to be s
cessful, must be rargeted 1o the parasae. s
this must include a vertical approach wah S
use of, for example, arecoline hydrobrossis
as a diagnostic agent to test dogs or e
treatment of dogs with praziquantel 1o e
nate E. granmulosus, These 2 approaches s
not, of course, mutually exclusive, bur the s
tical approach must include baseline suswess
and continuing surveillance of humas sl
animal intermediate hosts to monitor progees
(Gemmell et al., 1986a; Gemmell, 1587
1993; Schantz, 1993).

For the purpose of discussion withes s
chaprer, the following definitions are gves

Control can be described as “the scows
implementation of a program to limas s
prevalence of a specific disease by a recogms
authority on instruction from the legs -

Eradication is “the purposeful reducoos o
a specific disease prevalence to the point of come
tinued absence of transmission within a specse
area by means of a ime-limited campags ™
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. Carvid strain

Sheep and other
Pastoral Siraing

Fig. 19.1. Geographic distribution of Echinococcus gramedosus.

Preconditions for eradication include (1)
absence of adverse ecological factors; (2)
adequare administrative, operational, and
financial resources; (3) availability of effec-
tive tools; (4) favorable epidemiological fea-
tures; and (5) specific reasons for preferring
eradication over control. These specific pre-
conditions preclude considering eradication
as a goal for continental programs.

In this chapter an overview is given of
administering, planning, implementing, and
evaluating echinococcosis control programs
from expericnces gained from some successful
programs initiated during the last half of the
20th century. The measures that can be applied
are similar in all endemic regions, but the need
for and ability to apply them differ within and
among regions (Figs. 19.1 and 19.2).

Il. PHASES OF A CONTROL PROGRAM

A program can be divided into 4 phases:
namely, Planning, Artack, Consolidation, and
Maintenance of Eradication. During the Plan-
ning phase the futare control authority must
be selected and plans made ro determine
appropriate methods for control, their costs,
extent, and durarion, During the Attack

phase control measures are applied nondis-
criminately to the entire host populations at
risk. Examples of these measures include mass
dog-dosing campaigns and restrictive regula-
tions on dog-feeding pracrices. During the
Consolidation phase at-risk areas or individual
farms are identified through surveillance of
food animals using trace-back and trace-for-
ward methods, and control measures are rar-
geted to them only. Once the parasite has been
potentially eliminated on islands, the Mainte-
nance of Eradication phase can be entered. At
this stage all specific measures can be dis-
banded and vigilance is employed, mainly
through normal mear inspection services
together with border controls to prevent rein-
troduction of the parasite. The major objec-
tive, where control but not eradication is feasi-
ble, is to transform the program permanently
from the costly Attack phase 1o the less costly
Consolidation phase as soon as it is technically
feasible to do so. In both the Consolidation
and Maintenance of Eradication phases, dog
registration must continue to be permanently
applied (Gemmell et al., 1986a; Gemmell and
Lawson, 1986; Gemmell, 1987, 1990, 1993;
Gemmell and Roberts, 1995, 1996).
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LEVEL OF AWARENESS OF HYDATID DISEASE AS A HEALTH PROBLEM

CATEGORY 1

Countries {states or provinces) with an unguantified health problem, but:
A.  Have neither infrastructure nor financial capability to implement surveys,
B.  Although financially capable, do not have the mfrastructure to implement surveys.

CATEGORY 2
Countries thar have more or less quantified their health problem, have the infrastructore s
financial capability, but:
A.  Have for various reasons considered it unnecessary 1o apply specific control measures.
B.  Have not yet drawn up plans for control.
C.  Have not yet received the consent of or bave had their plans rejected by the legnfass
because of inadequarte protocols,

CATEGORY 3

Countries that have quantified the health problem, have implemented a control program, but
A.  After a few years, have failed to demonstrate adequate progress.

B.  Have reached the stage in control where low prevalence demands a change to more coss

effective measures,

Fig, 19.2 Variations berween the levels of public health awareness within endemic regiony and poleics s
economic ability to undertake control of Echinococcus gramulosies.

lll. CONSIDERATIONS DURING THE will have almost ceased. A policy decss
PLANNING PHASE must be made during the Planning phase 2= s

Operational research in the Planning phase  Whether to (1) remove control altogethes =
is concerned with quantifying the cpidemio-  Tetain control permanently ar a much redesss
logical and socio-ecological factors that per- level of activity in a Consolidation phase, &
mit the following estimates to be made: (1) (3) atempe eradication. Thus, as far as & &
magnitude of parasite transmission, (2) costs  Possible to do so, an important objectise &
of and losses from CE to the community, and  terms of estimating benefits and costs of pes
(3) benefits from and costs of control. Con-  manent control in th$ Planning phase is 1o s
trol of CE may have a limited priority in  mate the potential n.mc'for transfer from Se
comparison with other human health prob-  Attack to the Consolidation phase.
lems, or resources needed for control may not It follows that the overall objective of s
be available to cover the whole or even part  plan is to develop long-term control polices
of the endemic area, Thus, decisions based on  with potentially low cost-benefit ratios shae
investigations in the Planning phase may fall within the resources of the primass
include (1) taking no action, (2) applying a  health care and veterinary services. If, how
horizontal approach with emphasis on educa-  ever, the attack phase is simply terminased &
tion, meat inspection and upgrading of some stage without entering the Consolids
slaughterhouses, and so on, or (3) introduc-  tion phase, the parasite may revert to s S
ing a vertical approach to include positive mer pre-control level. Thus, removal of &8
veterinary intervention with active applica- controls when transmission reaches 2 low
tion of drugs and implementation of specific  level is not a valid option in planning e
educational and surveillance programs. program. Removal, however, of some of she

A vertical approach in the Attack phase is  most costly controls, but retention of othes
costly. Because of delays in the system, reduc- in the Consolidation phase, should not lesd
tion in prevalence of echinococcosis in animals  to recrudescence when the risk of transsss
takes time after the hyperendemic or endemic  sion appears to have become an unlikely evess
status has been transformed to extinction sta-  Permanent control can be achieved moss o
tus. Long before this, transmission to humans  nomically by maintaining surveillance of faad




animals and taking local action, such as
quarantine of premises wherever break-
downs are identified through surveillance in
food animals,

A. Selection of Options for Control

Based on experiences gained from several
control programs described below, 5 options
can be discerned. These must be considered
when cost-benefit ratios are being compared
in the Planning phase.

Option 1 involves a decision not to pro-
ceed with control for a variety of reasons,
such as lack of resources.

Option 2 involves a horizontal approach,
namely, the upgrading of veterinary public
health activities, such as improving hygiene
at abattoirs, increasing dog control and regis-
tration, and applying an educational pro-
gram effected principally in schools. (It is
emphasized here that the provision of tablets
for owners to treat their dogs as part of a
horizontal approach was applied in 2 coun-
tries without effect on the prevalence of
echinococcosis in humans or food animals.)

Option 3 is oriented toward preventing
dogs from gaining access to raw sheep offal;
it uses arecoline hydrobromide as a diagnos-
tic agent in an educational approach to con-
trol. With this “slow track™ option, the dura-
tion of the Attack phase may last for more
than 30 yr, although it is possible to transfer
to the less costly Consolidation phase earlier,
provided legislation can be applied to quar-
antine sheep flocks still harboring infected
animals identified through surveillance sys-
tems and supported by appropriate animal
health legislation.

Option 4 is a “fast track” approach and
includes the application of arecoline in an
educational approach as in option 3. In addi-
tion, however, to achieve a rapid decline in
the Attack phase, the dog population must
be drastically reduced and the duration of
the Attack phasc may be as low as 10-12 yr.

Option § is also a “fast track,” but in this
case all dogs are treated with praziquantel at
intervals to be predetermined during the
Planning phase. The duration of the Artack
phase may be also as short as 10-12 yr.

B. Planning a Horizontal Approach (Option 2}

In several highly endemic situations, par-
ticularly where effective structures or funds

L e e
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are not available for control, a vertical
approach may not be possible. In this case
emphasis may be placed in a Planning phase
on developing a horizontal approach by
defining losses from CE to human health and
the costs of the primary health care methods
that might be applied in a long-term educa-
tional approach to control, particularly
directed at schools. Similarly, bascline sur-
veys of the prevalence of the parasite in ani-
mals and methods by which hygiene at abat-
toirs may be upgraded, and their respective
costs, should form part of this approach. As
previously implied, these educational and
meat hygiene components do not necessarily
modify transmission, but they may con-
tribute generally roward improving stan-
dards of living and an understanding of the
health problem.

C. Planning a Vertical Approach (Options 3,4,5)

It is now well documented that climate
can play a significant role in determining the
duration of infectivity of the egg, and thus
the seasonal infection pressure may vary
widely within endemic zones (Gemmell,
1993). There is, therefore, a need to ensure
that in any survey the data belong to the
region in which they have been collected.

Bascline surveys arc of fundamental
importance in (1) establishing the significance
of CE in comparison with other endemic dis-
cases and (2] gaining an insight into the
processes of transmission between animals,

The information that should be obtained
in the Planning phase includes age-specific
prevalence and geographic distribution of
human, domestic livestock, and sylvatic
animal echinococcosis. It is necessary to
identify the main agencies involved in
assembling the data on CE from hospital
registers, serological laboratories, and
health institutes, as well as those veterinary
institutes that are available for collection
and processing. In most cases this informa-
tion may have to be acquired by specific
surveys and underraken by planning
groups. Surveillance methods are discussed
in greater derail in Chapter 4. Experience
suggests that this type of operarional
rescarch is ideally undertaken by coordi-
nating the scientific resources of the region,
such as those available at universities and
research institutes.
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1. Human cystic echinococcosis (CE)

The annual rate of new hospital cases,
when properly compiled, is accepred as the
most useful data on the significance of CE.
When measured continuously over several
years, these data can detect regional changes
in infection incidence. The baseline informa-
tion that will contribute most to defining real-
istic infection levels includes a 5-yr retrospec-
tive survey of all proven surgical cases from all
hospitals that provide surgery within the
region. The data have usually been expressed
as the annual rate of new hospital cases (surgi-
cal cases only) or total parients per 100,000 of
the rural and or/total population. For epi-
demiological purposes the rate should be bro-
ken down by age, sex, ethnic group, residence,
occupation, and so on. These data can then be
used to estimate economic losses caused by
CE in terms of hospital costs, person hours
lost, and toral and partial handicap for work.

2. Canine echinococcosis

Control programs in the past have used 6-
wk intervals for treating dogs with prazi-
quantel. This interval was based on the
assumption that dogs became reinfected
almost immediately after treatment. Dog-
dosing forms the most costly part of the
Attack phase. This frequency has now been
shown ro be not always necessary and some-
times contraindicated, as it may drive Taenia
hydatigena and T. ovis from hyperendemic to
endemic status and increase larval popula-
tions in the intermediate hosts. Knowledge of
the rates of reinfection in dogs with these
parasites can be used to estimate (1) the
maximum, and thus most economical, inter-
val between treatments to control E. granu-
losus. This must be balanced with (2) as
great an interval berween treatments as pos-
sible so that transmission of the large tape-
worms (e.g., T, ovis) 1s not increased, giving
rise to an economic problem to agriculture.
Subsequent field trials using sentinel sheep
can confirm the most cost-effective interval
{Gemmell et al., 1986b; Cabrera et al., 1996).

The value and limitations of testing dogs
for taeniid tapeworms with arecoline ﬁydro-
bromide in surveys have been well docu-
mented (see FAO/UNEP/WHO, 1981). The
most valuable and perhaps only modern use
for arecoline testing in the Planning phase is
for determining reinfection levels and, thus,

Compendiuns on Cystic Echinococcosis

the most economic treatment schedules S
dogs with praziquantel in the Attack phaw
(Gemmell et al., 1986b; Cabrera et al., 19%
Gemmell and Roberts, 1996). For these bas
line studies to be comparable they should e
accompanied by the following informanes
(1) dose rate applied, (2) thoroughness was
which doubtful samples have been excludes
from the analysis, (3) methods used to separas
worms from feces, and (4) visual aids used =
examine the samples. A body of evidesos
confirms that diagnosis in the laborarors =
likely to yield a higher reinfection level thas
diagnosis in the field, especially where woess
less than 5 wk of age, or fewer than 5 worss
per sample, are present (Gemmell, 1973 ).

3. Echinococcosis in food animals

Surveys of prevalence of echinococcoss =
livestock, especially sheep, are importans S
comparing transmission levels within as
among regions. Examination of livers asd
lungs at autopsy remains the only pracocs’
method of obtaming these data. Good desass
and sampling procedures are important, ss
samples should be large enough to ensues
that appropriate comparisons can be made
Information that may be required includes
{1) geographic distribution, (2) age-intenses
prevalence, (3) lung-liver ratios, and (4) fer
tility of cysts. Where there is doubt concess
ing the origin of the animals, dara should be
excluded from any analyses of the geograph
ic distribution.

Where transmission levels have been
quantified, namely in New Zealand, Chana,
and Uruguay, the equilibrium steady szase
has been defined as endemic with the base
reproduction ratio (R,) only slightly aboss
unity. For example, New Zealand sheep
experienced (.4 infections/yr with 155-373
eggs. This was similar in an endemic ares =
China with 0.4 infections/yr with 232 eges
In Uruguay the number of eggs ingested pes
infection was 694 with 0.17 infections/per 32
demonstrating more eggs per infection bas
fewer infections and suggesting a scasoma’
effect. In all 3 cases the number of eggs was
too large and the intervals between infectioss
far too long for the animals to acquire strose
permanent immunity to superifection. Tha
is a key measurement, and the informanes
obtained clearly shows that a dog-dosing
program at a rthively low level of intensey



would be feasible (Roberts et al., 1986a,
1986b; Ming et al., 1992; Cabrera et al.,
1995).

4. Errors in meat inspection

The undifferentiated inclusion of parasites
other than E. gramulosus during meat inspec-
tion in echinococcosis surveys invariably
leads to gross errors in understanding the
local transmission dynamics and resources
needed for control. Besides the ubiquitous T.
bydatigena, other parasites, such as T, taeni-
aeformis, Toxocara canis, Toxascaris
leonina, Ascaris suum, Parascaris equorunt,
Fasciola spp., and Fascioloides magna, are
relatively common in the livers of sheep.
Lesions that must also be excluded include
those caused by Dictyocanlus filaria and
Muellerius capillaris, as well as some bacteri-
al pneumoniases including caseous lym-
phadenitis (CLA).

5. Sylvatic animal echinococcosis

Effective evaluations of wildlife echino-
coccosis may require the examination of rel-
atively large numbers of animals in the Plan-
ning phase. Methods of capture and sam-
pling populations are described n appropri-
ate journals. An important reason for ade-

uate surveys in the Planning phase is to
3ctcrminc whether transmission to sylvatic
hosts is dependent on or independent of
domestic animals. In the event that wild ani-
mals are involved in spillover situations,
these spillover hosts should play no essential
part in the Artack phase. This is because they
neither need treatment nor serve as indices of
progress in control. For this reason surveys
on feral and sylvatic intermediate hosts
should be made during the Planning phase
and toward the end of the Attack phase.

D. Quantifying Costs and Benefits of Control

Mathematical models provide a logical
framework within which the dynamics of life
cycles can be described. These models pro-
vide, via the “threshold theorem” (Kermack
and MacKendrick, 1991), a criterion for
deciding if a control program can succeed in
eliminating the parasite. To use this theorem,
one must have an estimate of the basic repro-
duction ratio {R,). This can be obtained only
if reliable epidemiological data are available
in the Planning phase and before the Attack
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phase is started. These models can be used as
the basis for predicting both costs and out-
comes of various control options and costs
(Roberts ct al., 19864, 1986b; Lawson et al.,
1988; Kermack and MacKendrick, 19913
Lawson, 1994; Roberts and Gemmell, 1994;
Gemmell and Roberts, 1995, 1996).

For example, the effect of the selecred
control measure on the prevalence of the
parasite in its hosts during the course of the
program can be approximated using the
equation

h=h_ + (hbJexp(=pt)

where k is the parasite infection pressure,
and the effect of the measure is to change the
steady-state value of b from by to be.. The
exponent p is calculated from

X hl)‘oo( l,ROv!uJum- lmlh‘wv))
- b.~h,

where A, is the rate of parasite transmission
through the system when the control pres-
sure is apphed.

Before an analysis can be undertaken,
information is required on (1) annual losses
due to human disability and death, (2) annual
losses due to infection of livestock, and (3)
annual costs of the selected control policies.
Once annual costs and losses have been deter-
mined, discounted costs and losses over the
selected time span must be calculated.

Economic analysis can be useful not only
for assessing echinococcosis control in com-
parison with other public health projects, but
also for determining the optimum control or
eradication strategy to be used against the
parasite. Several methods of economic evalu-
ation are available and useful for planning
and managing control programs; these
include cost-effectiveness analysis (CEA) and
cost-benefit analysis (CBA). CEA is useful
for determining the least expensive strategy
that can achieve a well-defined outcome tar-
get or for identifying the optimal strategy to
meet an objective given a fixed budget. CBA
is more comprehensive than cost-effective-
ness analysis; it determines if net benefits of a
control program outweigh net costs to soci-
ety. Mcthods and applications of economic
evaluation to control programs are discussed
in greater detail in Chaprer 18.



336

E. Quantifiable Losses from Echinococcosis
and Costs of Control

Although it is recognized that control of a
human disease imparts much more than just
financial benefits, in practice the inclusion of
non-monetary aspects into cost-benefit
analysis is difficult and largely unsatisfactory.
Most studies of losses due to human hydand
disease have, therefore, confined themselves
to calculating lost production due ro disabili-
ty and death. They are consequently gross
underestimations of the true cost of the dis-
case, Nevertheless, once these limitations are
recognized, cost-benefit analysis remains an
extremely useful rool for assessing the com-
parative merits of both different public
health projects and different control strate-
gies, especially if used in conjunction with
other quantitative and qualitative methods.
In New Zealand, for example, 2 control
oprions were studied for E. granulosus and
10 for T, owss, giving a total of 20 control
options, They were ranked according to their
low and high cost-benefit ratios and net
damages cvaluated over a period of 30 yr.
Such information can be most useful for con-
vincing the legislature of the appropriate way
to proceed with control and its cost (Lawson
er al., 1988; Lawson, 1994),

1. Human cystic echinococcosis (CE}

In patients with CE, quantifiable items
include preoperative diagnosis, surgical treat-
ment, hospitalization, post-surgical examina-
tions, medications, and transfers. There are
varations among cases so that those compli-
cated by infection, rupture, or difficult access
call for much more lengthy hospitalization
periods. Quantification becomes more diffi-
cult when, in addition to these sequelae, new
cases occur in dramatic localizations (such as
bones, eyes, brain, and heart). These may
result in loss of an organ and/or irreversible
sequelae or death.

In this brief analysis the convalescent peri-
od should also be considered as an economic
loss in view of the well-documented fact that
a great proportion of cases occurs in actively
working persons and the contriburion of
their la%or to the economy is lost (Beggs,
19835; Behir et al., 1987, 1989). To this must
be added the amount of social security bene-
fit or costs incurred. A realistic contribution
to estimates of these losses from this para-
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sitism can be made only if reliable and come
sistent registers are kept of case histores o
all hospirals undertaking surgery.

2. Animal production and economic losses

A determination of the economic impact o
echinococcosis in domestic food animals
would appear to be a simple rask. It wosls
suffice to calculate the number of kilograms o
infected viscera condemned in local abatsoess
and to muluply them by their value (thes
price per kg, ton, or some other unit). These
calculations showed that in Chile betwees
1983 and 1989, offal (livers and kidness
alone) were condemned ro a value of
11.5.8634,563. However, it must be borme =
mind that in some endemic areas viscers cone
demned for human consumption have a ress-
ual value because they are used for makimge
pet foods for animals (e.g., dogs, cars, and
fish). Preliminary studies carried out also =
Region XIIin Chile indicated thar carcasses o
sheep born and slaughtered after implements-
rion of control weighed on average 1 kg mose
that those born and slaughtered before cos
trol (Campano, 1991); thus, echinococcoss
may directly impact animal growth.

With respect to economic analyses of cos-
trol programs, a prospective analysis was per-
formed on a 10-yr project in Sardinia
(Atranasio and Palmas, 1984; Artanasio =
al., 1985). Assuming achievement of a decline
in echinococcosis prevalence in sheep from
80% to 10%, the authors projected the nes
value gained in improved milk production
would be 32.5 billion lires in 1982; thus, the
rate of return of such a control program
would be equal to 53.6%. Although this pro-
jection was based on a number of assump-
tions, it identifies an operational research
area in the Planning phase, the results from
which are very useful if support for the pro-
gram is to be obtained from the legislature.

3. Some costs incurred in applying control

Costs of control will depend on the meth-
ods applied but may include the following: (1
training and continuing education of person-
nel, (2) staff salaries, (3} education of the pub-
lic, (4) dog control and treatment, including
drugs, (5) surveillance of CE in humans, (&)
surveillance of intermediate host populations,
{7) evaluation of results, (8) vehicle purchases
and maintenance, and (9) administration.
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Sources of funding for control in part or
in full may include (1) fees artached to a
dog license or (2) national or provincial
government sources, including the budgets
of ministries of health, agriculrure, and
internal affairs.

IV. MONITORING PROGRESS DURING
THE ATTACK PHASE

A. Surveillance of Human Cystic
Echinococcosis (CE)

Immunodiagnostic tests are used not only
for pre- and post-treatment screening, but
also for surveys. The more common primary
screening tests use crude hydatid antigens
and include latex agglutination (LA}, indirect
hemagglutination (THA), and enzyme-linked
immunosorbent assay (ELISA). Recent litera-
ture is vast and principally concerned with
specificity and sensitivity, hybridoma tech-
nology, immuno-affinity chromatography,
and immunoblotting, These now provide
improved reagents for more sensitive and
specific tests based on measurements of cir-
culating anribodies and anrigens (Craig,
1993; Schantz, 1993; Schantz et al., 1995).

Modern techniques for pre- and post-surgi-
cal scanning of CE also now include comput-
erized axial tomography (CT) and angiogra-
phy. CT determines with precision the volume
and density of the fluid and/or anatomical
location of cysts and is the method of choice
in the hospital situation, particularly for post-
surgical evaluation of residual pericyst cavities
and after drug treatment. In the field, due to
its portability, ultrasound scanning provides
an excellent tool for longitudinal assays of
cyst growth and death (Beggs, 1983, 1985;
Mlika et al., 1984, 1986; Macpherson et al.,
1987: Perdomo, 1990; Pawlowski, 1993;
Ammann and Eckert, 1995).

While these tests may be useful in the Plan-
ning phase, the criterion for evaluating the
efficacy of control should be changes in surgi-
cal incidence rates of CE rather than changes
in serological and echographic prevalence lev-
els thar include cysts that are removed surgi-
cally as well as those that will always remain
asymptomatic or even disappear (Tsenletis et
al., 1983; Karpathios et al., 1985; Bchir et al,,
1987, 1989). Nevertheless, to measure
progress, costs must be added to the surveil-
lance program if any of them are applied in

Formulating Policies for CE Control 337
the Attack phase. There will be costs, of
course, such as medical diagnosts and treat-
ment, and, thus, losses from CE.

B. Surveillance in Food Animals

In several cases surveillance of echinococ-
cosis in food animals has been very limited
or even omitted. This has seriously reduced
the value of a control program. Furthermore,
lack of information prevents transformation
from the Artack to the Consolidation phase.
Methods of surveillance to be applied in the
Artack phase must be defined in the Planning
phase when bascline data are being collected.
Usually, cysts in the liver have been used as
the criterion of infection. Ideally, lungs
should also be included, taking care to relate
both organs to the same infecred animal in
each age-cohort during routine meat inspec-
tion. A more sensitive method when measur-
ing changes in infection levels involves pas-
turing sentinel young sheep as an indicator
of progress (Lloyd et al,, 1991). In addition,
special surveys are needed during the Plan-
ning phase, including measuring age-intensi-
ty prevalence (Cabrera et al,, 1995). In these
cases, livers and lungs are cut into 2-mm
slices and examined histologically, Large,
thick slices are cut in half and small lesions
embedded whole. Sections can be stained
with hematoxylin and eosin and E. gramulo-
sus positively identified. PAS stain is also
valuable for demonstrating the laminated
membrane and, thus, can differentiate E.
granulosus from other liver cysts,

C. Surveillance in Definitive Hosts

The most accurate indicator of the preva-
lence and variation in the infective pattern of
adult E. granulosus in dogs involves necrop-
sy of the small intestine. However, it is rarely
possible to obtain sufficient animals in each
class (working, hunting, stray, or pet) to
evaluate completely the epidemiological fac-
tors involved in a causal relationship with
CE in humans, The method has the most
application as a survey tool where feral and
unwanted dogs occur.

Now that praziquantel is used routinely to
treat dogs in control programs, arecoline has
less of a role to play in education or surveil-
lance during the Attack phase. An alternative
approach to diagnosis is based on fecal anti-
gen detecting antibody sandwich technique.
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This has shown promise because antigen can
be detected shortly after infection and the
level declines rapidly following expulsion of
the worms. The sensitivity and specificity
have been estimated at 87.5% and 96%,
respectuvely (Allan et al., 1992; Deplazes et
al.,, 1992; Craig, 1993; Craig et al., 1994).
Further work may show that the coproant-
gen test may find a useful role in identifying
dogs that become reinfected in the Consoli-
dation and Attack phases when qualitative
rather then quantitative infection data may
be required.

V. EVALUATION OF ATTACK PHASE
IN ISLAND AND CONTINENTAL
CONTROL PROGRAMS

The island and conrinental control pro-
grams described in this section have differed
from each other in administration, resources
used, methods applied, and/or rate of
decline in transmission, Changes that have
occurred in the prevalence of E. granulosus
in adult sheep have been used to compare
progress and identify problems during the
Attack phase.

Compendium on Cystic Echinococcosis

A, Comparison of Effectiveness of Control
Options

1. Option 2—Hoarizontal approach

Oprtion 2, involving education, was used
for 20 yr, beginning in 1937, in New
Zealand. Although posters and pamphless
were directed at the rural population and
schools, and facilities and hygiene were gen-
erally upgraded ar abattoirs, no impact was
observed on the prevalence of E. granulosus
in humans or food animals (data not shown .
A similar finding was reported from Uruguay
berween 1970 and 1990 (Fig.19.3). In other
words, although an awareness of the prob-
lem was created, no evidence for a decline n
prevalence could be discerned in both island
and continental programs. The role thar
might be played by television in education
has not yet been evaluared.

2. Option 3—Educational approach with
arecoline surveillance

Following an inrensive community par-
ticipation educational program (Begg, 1961:
Beard, 1987, 1988), New Zealand and Tas-

mania adopted a “slow track™ with an
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Fig. 19.3. Prevalence of Echmococens grannlosnus i adult sheep during control in Uruguay (Option 2); New
Zealand and Tasmania (Opton 3); Cyprus {Option 4); and the Falkland Iskands, Argentina, and Chile (Option 5.
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arecoline dog-testing program. In the former
the program commenced in 1959 with an
artempt to test all dogs with arecoline hydro-
bromide up ro 4 times each year, but this was
changed in 1972 to a 6-wk, nondiscriminato-
ry dog-dosing program to control T. owis
{Option 5). This program was administered
by a National Hydatids Council (under the
New Zealand Hydartds Act, 1959) and fund-
ed primarily by a dog tax added to the dog
registration fee. Following transfer to the
Ministry of Agriculture in 1990, the 30-yr
Attack phasc was transformed into the Con-
solidation phase with surveillance of the
sheep population and quarantine of infected
farms. By that rime the parasite was rarely
detected during routine meart inspection of
food animals {Anonymous, 1961; Gemmell,
1990; Heath and Kasper, 1991).)

In Tasmania the Atrack phase using a
dog-testing program was introduced in 1963
and administered and funded by the Depart-
ment of Agriculture. Within 10-12 yr this
Artack phase was transformed to the Consol-
idation phase with a rargeted approach using
surveillance of sheep with subsequent quar-
antine of farms and finally purchase and
slaughrer of infected animals in 1994
(Anonymous, 1964; McConnell and Green,
1979; McConnell, 1987; Gemmell, 1990).

While improvements to human health and
prevalence in sheep were similar in both pro-
grams, the cost of the Attack phase was much
less in Tasmania than in New Zealand. This
was because it was possible in the former
through the Department of Agriculture to
transfer to the Consolidation phase within 10
yr, but only after 30 yr with the latter when
the Ministry of Agriculture assumed responsi-
bility for the program (Figs. 19.3 and 19.4).

3. Option—4 Educational approach with
positive dog euthanasia policy

Cyprus adopted an approach in 1970 sim-
ilar to that used in New Zealand and Tasma-
nia with dog testing 3 times yearly. However,
from 1971 a “fast-track™ was achieved by
drastically reducing the dog population in
the Attack phase by about 85,000 animals.
This program was undertaken and funded by
the Ministry of Agriculture. Echinococcosis
was considered to have been eradicated by
this attack in 1985 (Polydorou, 1971, 1974,
1976, 1977, 1980, 1981, 1984). However,
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this was not the case, and during the mad-
1990s in the Greek-administered parr of the
Republic of Cyprus, the program was trans
ferred back from the Maintenance of Erad
cation stage by rthe Ministry of Agriculture =
the Consolidation phase with surveillance of
food animals and quarantine of farms wis
infected livestock.

4. Option—5 Frequent dog-dosing campaigns

The Falkland (Malvinas) Islands, Argentma
(Neuquén and Rio Negro Provinces) and
Chile (Regions IT and XII) achieved a fass
track initially by applying a 6-wk dog-dosine
program. This substantially reduced the
prevalence of E. granulosus in food animals
without the need to reduce the dog populanon
(Fig 19.3). Both Chilean programs and the
Falkland Islands used the Ministry of Agricul-
ture and carried our a formal surveillance of
the sheep population. In contrast, this was dif-
ficult to achieve in regional programs funded
by Ministries of Health (Anonymous, 1989;
Larricu et al., 1989; Ogueta, 1989; Oguera et
al., 1989; Campano, 1991).

5. Dog-control policies

All 3 successful island programs, namely
New Zealand, Cyprus, and Tasmania, empha-
sized education through arecoline surveillance.
Possible numbers of registered and unregis-
tered dogs were 500,000, 100,000, and
50,000 before control, respectively. In all 3,
dog registration was mandatory. Only in
Cyprus, due to the high number of owned
dogs and ownerless strays, was an aggressive
euthanasia policy adopted, The results showed
that within 10-12 yr of adopting this policy
transmission of E. gramudosus to sheep almost
ceased in Cyprus, whereas the duration of
transmission was at least twice as long in New
Zealand and Tasmania (Fig. 19.3). However,
irrespective of different dog control policies,
transmission of new cases of CE almost ceased
in all 3 programs within 10-12 yr.

Comparing the decline in prevalence of
echinococcosis in sheep in Cyprus, achieved
largely through its positive dog cuthanasia
policy, with campaigns that applied a 6-wk
dog-dosing program without such a policy,
namely Neuquén and Rio Negro Provinces in
Argentina and Regions XI and XII in Chile,
the initial slopes for the decline in prevalence
of echinococcosis in sheep were rapid and
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Fig. 19,5, Changes in the prevalence of Echinococcus granulosus in Region XII, Chile {Option 53 Anonymous,
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Top: Changes in the number of human cases ibars) and prevalence in adult sheep, lambs, and dogs.

Bottom: [llustration of the need to perform baseline surveys and, subsequently, continuing surveillance to identi-
fy progress and problems arising during control. The plareau in the prevalence in adult sheep (0), 2-tooth sheep (),
and lambs (o) appears to be related to a premature reduction in dog-treatment intesvals with praziquantel during
the Artack phase. With these data, it was possible to retain support for the program when i plateau occurred in the
prevalence in the sheep poputation, If the baseline data had not been collected until after the program had started
(say 1983), progress could not bave been shown (say in 1987), and funding could have justifiably been withdrawn
before the Attack phase had been completed. This also illustrates the need to retain a full dog-dosing commitment
until the transformation to the Consolidation phase has been made.
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similar; but only in the dog-dosing programs
was a plateau in prevalence reached near the
end of the Artack phase (Figs. 19.3 and 19.5).
This seems to have resulted from an increase
in the duration between dog-dosing treat-
ments in the Artack phase without entry into
the Consolidanon phase.

VI. TRANSFORMATION TO THE
CONSOLIDATION PHASE

There are considerable financial advan-
tages in transforming to the Consolidation
phase as soon as possible (Fig. 19.4). Three
programs have made this rransformartion,
namely, New Zealand, Tasmania, and the
Greek area of Cyprus. Very little is yer
known of the intensity of reinfection t{at
may occur once transformation is adopted or
of the methods that must be adopted to
avoid it. From preliminary studies in these
programs it seems clear that an essential
method includes the surveillance of food ani-
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mals through meart inspection by trace-
forward and trace-back methods, This mus
be supported by animal movement legisia-
tion permitting quarantine of the premises
where infected food animals have been mams-
tained. Neither arecoline nor coproantigen
diagnostic procedures may be sensinive
cnough to identify the particular dogis)
low worm burdens are involved. Thus, con-
trol may have to be supported by a short-
term reintroduction of treatment of dogs pre-
scribed within a wide boundary of the infect-
ed premises. Permanent border controls must
be maintained for food animals and dogs, as
well as registration of the latter.

VIl. ADMINISTRATION, LEGISLATION,
AND FUNDING

There are 2 models of program adminis-
tration. The first creates through specific
legislation a national or regional executive
body with responsibility for administering

surveillance of food animals,

ADMINISTRATION OF ECHINOCOCCOSIS CONTROL PROGRAMS

MINISTRY OF AGRICULTURE

Relanively easy to develop surveillance of food animals; easy transformarion

Difficulty in collecting dog tax and confirming dog registration; limited

Difficulty in collecting dog tax and confirming dog registration, applying

Local management (department or country council) with access to dog registra-
tion and local taxes to fund “Attack” phase with dog-dosing or testing,

Unable ro rransform from “Artack™ ro *Consolidation™ phase with no access to

Advantages: Funded by the legistature.

from *Artack™ 1o “Consolidation™ phase,
Disadvantages:

educational contribution.

MISTRY OF HEALTH

Advantages: Funded by the legislature.

Emphasis on education for improving human bealth.
Disadvantages:

surveillance of food animals, and rransforming from “Awack™ to

“Consolidation™ phase,

Counar or COMMISSION

Advantages:
Disadvantages:

Fig. 19.6 Summary of advantages and disadvantages of administrations used for the control of echinococcosis.




the control program. The second utilizes an
existing government organization (such as a
human or an animal health ministry), which
is directed by the legislature to plan and, if
economically acceptable to it, proceed with
surveillance and control, To an extent, the
former is likely to be funded through a dog
tax and the latter through the legislature.

Depending on the program to be adopted,
arcas requiring legislation may include (1)
meat inspection and effective disposal of
offal at abattoirs and prevention of clandes-
tine removal of viscera; (2) banning dogs
from abattoirs and butcher shops with clo-
sure, if necessary; (3) prevention of feeding
of raw offal to dogs including inspection of
offal-disposal facilities on farms or other
premises where food animals are killed; (4)
control of dogs including registration, com-
pulsory submission of dogs for dosing, and
elimimation of unwanted dogs; as well as (5)
quarantine of premises with infected live-
stock through animal health and movement
control legislation,

All programs reviewed confirm that the
Attack phase is labor intensive and costly,
Where options 3, 4, or 5§ have been applied
and dog-dosing or testing has been undertak-
en by trained personnel, a relatively rapid
reduction in CE in all age groups of food
amimals was achieved. It seems that once this
phase has been introduced, it should not be
relaxed until the Consolidation phase can be
introduced with quarantine and movement
control of food animals. The evidence sug-
gests thar the veterinary component of a
human health control authority tends toward
maintaining dog-dosing and testing acrivitics
in the Arwtack phase indefinitely. In contrast,
those of an agricultural authority tend to
transfer these activities to surveillance and
animal movement control as soon as it 1s
technically feasible, This transformation can
be made only if the control authority is able
to provide an effective baseline and continu-
ing surveillance program (Fig. 19.5). Both
phases can be entered with programs admin-
istered by animal health agencies, but only
with difficulty by those with public health
administrations or not at all by programs
administered by councils or commissions
(Fig. 19.6).

Advantages of using a ministry of health
as the controlling autchority include (1) the
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value of its health educational programs and
{2) justification to apply to the legislature for
funds from the health budget to limit a seni-
ous health problem. However, the advan-
tages of using a ministry of agriculture out-
weigh the former. They include not only
applying animal health legislation to trans-
form the program from the Artack to the
Consolidation phase but also (1) veterinary
experience with control of other animal dis-
cases, (2) use of established laboratory and
field services, (3) uniformity in veterinary
staff training, and (4) establishment of effec-
tive trace-forward and trace-back systems,
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