Q‘:‘ Scientific
¢S Research

9,90, arc
0.00 Publishing

World Journal of Vaccines, 2018, 8, 53-80
http://www.scirp.org/journal/wijv

ISSN Online: 2160-5823

ISSN Print: 2160-5815

Current Status of Prevalence, Possible Control
and Risk Factors Associated with Porcine
Cysticercosis from Endemic Countries in Africa

Seria Masole Shonyelal2, Guilian Yang!, Chunfeng Wang!

'College of Animal Science and Technology, Jilin Provincial Engineering Research Center of Animal Probiotics, Jilin Agricultural

University, Changchun, China

ZMinistry of Agriculture, Livestock and Fisheries, Dar es Salaam, Tanzania

Email: seria.masole@sacidas.org, yangguilian@jlau.edu.cn, wangchunfeng@jlau.edu.cn

How to cite this paper: Shonyela, S.M.,
Yang, G.L. and Wang, C.F. (2018) Current
Status of Prevalence, Possible Control and
Risk Factors Associated with Porcine Cys-
ticercosis from Endemic Countries in Afri-
ca. World Journal of Vaccines, 8, 53-80.

https://doi.org/10.4236/wjv.2018.83006

Received: June 21, 2018
Accepted: August 24, 2018
Published: August 27, 2018

Copyright © 2018 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Porcine cysticercosis (PC) caused by Taenia solium larvae is continuing being
an important zoonotic neglected disease in many developing countries, is re-
sponsible for severe health disorders such as seizures and death in human and
it poses a serious public health risk. In general estimated prevalence for por-
cine cysticercosis by Ag-ELISA was 29.7% (95% CI [4.8 - 58.2]), by EITB was
24.7% (95% CI [9.2 - 38.2]), by Tongue examination was 9.4% (95% CI [0.2 -
13.2]), and by postmortem examination was 15% (95% CI [0.2 - 27.4]). Aver-
age seroprevalence of human cysticercosis by circulating antibody detection
(Ab-ELISA) was ranged from 1.3% to 45.3%. Average seroprevalence of hu-
man cysticercosis by circulating 7. solium antigen detection (Ag-ELISA) was
ranged from 4.6% to 11.9%. Average seroprevalence of human cysticercosis
by EITB was ranged from 6.9% to 16.7%. Average prevalence of human cys-
ticercosis by CT scan was ranged from 23.2% to 54.6%. A fundamental factor
in the occurrence of infections in most of the article was lack of health educa-
tion to the community on 7. solium, cysticercosis and taeniasis complex as
the key towards control and eradication. The major causal factors of the dis-
ease occurrence were free roaming pigs and poor sanitary conditions.
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1. Introduction

Porcine cysticercosis is an infection of pigs with the larval form of Taenia solium

[1]. Pig production is an important economic activity to many poor families in
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developing countries [2] [3] [4] [5] [6] (Wilson, 2013). However, 7. solium cys-
ticercosis is being reported in these countries resulting in both agricultural and
public health impacts [7]-[15]. The parasite causes taeniosis in human, who is
the definitive host and cysticercosis in pigs which are principal intermediate
hosts. Human being acquires taeniosis following ingestion of raw or under-
cooked pork infected with viable 7" solium cysticerci [16] [17] [18]. The human
being also can develop cysticercosis following accidental ingestion of 7. solium
eggs. Lodging of cysticerci of 7. solium in the brain results in neurocysticercosis
(NCC), one of the most important neurological parasitoses in human and the
main preventable cause of acquired epilepsy in endemic areas [12] [19]. Neuro-
cysticercosis is now recognized as an important public health problem in both
developing and developed countries [3]. The study area consisted of 54 coun-
tries. The total population of pigs estimated in Africa in 2013 was 33,465,868,
which was approximately 3.4% of the world pig population estimate 977,274,246
of 2013 [20]. Out of the Africa regional pig population, approximately 0.23%,
6.07%, 41.3%, 17.3%, and 35.1% were reared in the northern countries, southern,
western, central, and eastern Africa respectively.

Porcine cysticercosis has been reported in many sub-Saharan countries with
prevalence rates as high as 18% to 64% [13] [21] [22] [23] [24] [25]. In East
African countries, the prevalence of cysticercosis infection among pigs in a
number of areas reported being approximately 20% [13] [26] [27] [28]. Ende-
micity of 7. solium cysticercosis in developing countries have been associated
with general poverty, free-ranging of pigs, poor sanitary conditions and poor
knowledge about the parasite [13] [27] [29]-[34]. In addition, home slaughters of
pigs without inspection, and inadequate pork cooking before consumption were
also found to be responsible for the reported prevalence [26].

In Africa pig keeping is the common and free-range type of pig management
which is practiced [35]. This review investigated the prevalence of porcine cysti-
cercosis, distribution, possible control of disease and risk factors associated with
T. solium cysticercosis transmission in Africa. The information is useful in plan-
ning parasite control measures in Africa to promote economic development

through pig production.

2. Methods
2.1. Sites for Review Study

The search of the literature for this review was well organized pertaining to the
prevalence of porcine cysticercosis and risk factors for 7. solium in the district,
country and regionally based studies carried out in endemic countries in Africa
also few studies about human cysticercosis or taeniasis. And it was performed on
a sequentially arranged material of literature published with year restriction
from consist of; seventeen “17” countries eastern Africa, sixteen “16” countries
western Africa, nine “9” countries central Africa, seven “7” countries northern

Africa and five “5” countries southern Africa.
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(https://www.reference.com/geography/many-countries-africa-6d064c6831667ac

9) or Google search just by typing how many countries are in Africa.

2.2. Techniques/Method of Study Selected

This review the search and writing were performed from March 8™ 2017 until
August 31% 2017. Literature Selection was well thought out to both techniques,
in view of the fact that; both techniques have an advantage and disadvantages for
the disease diagnosis. For this review to have excellent data, the search paid at-
tention lying on the articles in which data was accomplished by means of the
following methods and procedures: The search focused on data obtained from 7.
solium, Epidemiological survey, Tongue and postmortem examination, circu-
lating antibody and antigen that detected by Enzyme-linked Immunoelectro-
transfer Blot (EITB) or by enzyme-linked immunosorbent assay [36].

1) Antemortem (tongue palpation and small incision) and post mortem meat
inspection were widely used in Africa for diagnosis of porcine cysticercosis.
However on the other hand, both methods are limited on sensitivity [37].

Antemortem by tongue examination/palpation to check for the presence of
cysticerci. Because the prevalence of pigs with Tongue examination/palpation do
relate to the prevalence of heavy infection. The data on this method were from
[14] [26] [38] [39].

2) Postmortem examination or meat inspection. Many research conducted to
assess the presence of 7. solium cysticerci by opening the predilection sites [26]
[27] [28] [31] [34] [40]-[47]. Enzyme Linked Immunosorbent Assay detecting
circulating antigens from the 7. solium metacestode (B158/B60 Ag-ELISA or
HP10 Ag-ELISA).

The B158/B60 Ag-ELISA the reported sensitivity to detect circulating antigens
produced by 7. solium metacestodes in pigs ranges from 85% to 90% and the
specificity was from 92% to 96% (from [30] [32] [47]-[57]).

3) Enzyme-linked Immuno electro transfer Blot (EITB) [58].

The reported EITB has a sensitivity ranging from 97% to 98% and a specificity
ranging from 97 to 100% to detect circulating antibodies to 7. so/jfum in human
serum (from [45] [58]-[63]).

4) Ab-ELISA, Ag-ELISA CT-scan and Coprology, for human Cysticercosis or
taeniasis (from [50] [64]-[70]).

5) Risk factor for Porcine Cysticercosis, Taenia solium, and Taeniasis.

6) Porcine cysticercosis reports from the World Organisation for Animal
Health.

The understandable data about prevalence of porcine cysticercosis was col-
lected to the accessible selected articles and there was no limitations meant for
the diagnostic technique was made. Although it was well known that the porcine
cysticercosis or taeniasis data would be biased by the technique used because of
the difference of prevalence’s results found such as Seroprevalence and other

methods have large variations in their diagnostic performances. Ag-ELISA has
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been reported to have high sensitivity ranging between 76.3% and 86.7% and a
specificity ranging between 84.1% and 98.9% in pigs in Tanzania, Kenya, South
Africa, Mozambique, Madagascar, Zambia and West Cameroon [23] [40] [63]
[71] [72] [73] [74] [75].

2.3. Language

The restriction of the language was applied the considered languages was Eng-
lish. This means the article were not considered when was written in a language

other than English spoken or understood by the authors of this review.

2.4. The Selected Databases for This Study

1) Elsevier

(https://www.journals.elsevier.com/the-lancet-infectious-diseases/),

2) Veterinary Parasitology (http://www.sciencedirect.com/science/journal/),
3) PubMed (http://www.ncbi.nlm.nih.gov/pubmed/).
As well Literature references that were found in appropriate articles of the

above database were furthermore looked into to gather all acknowledged studies
on incidence of 7. solium for prevalence of porcine cysticercosis, or taeniosis.
Furthermore we manually searched other databases that were appropriate ar-
ticles for facilitating data that were not found with the above search strategy such
as Google Scholar (http://www.google.com) and Baidu (http://www.baidu.com).

2.5. Exploration of the Search

Prevalence of porcine Cysticercosis and risk factor was the main topic or focus
of the study. For that reason, more consideration was set to this aspect. A total of
378 articles were retrieved following quite a lot of searches by writing the
terms/the topic or the subject matter in the major search bar of the web; the fol-
lowing search terms were: (Porcine cysticercosis in Africa, Swine Cysticercosis in
Africa, Pig cysticercosis in Africa, Risk factor of Taenia solium in Africa, Neu-
rocysticercosis in Africa, cellulosae in Africa, Taenia solium in Africa, Tape-
worm in Africa, Taeniasis in Africa, Taeniosis in Africa, Taeni in Africa, and
Cysticerc in Africa, And Prevalence of “Porcine or swine Cysticercosis in; Tan-
zania, Kenya, Uganda, Zambia, Mozambique, Malawi, Congo DRC, Rwanda,
Burundi, South Africa, Zimbabwe, Algeria, Angola, Benin, Swaziland, Botswana,
Burkina Faso, Morocco, Cameroon, Mali, Central African Republic, Chad, Cote
d’Ivoire, Ivory Coast, Djibouti, Egypt, Libya, Equatorial Guinea, Eritrea, Ethi-
opia, Gabon, Gambia, Nigeria, Ghana, Guinea, Sierra Leone, Guinea-Bissau, Le-
sotho, Liberia, Madagascar, Mauritania, Namibia, Niger, Senegal, Somalia, South
Sudan, Sudan, Togo, and Tunisia”) for the period from 2001 to 2017.
In some database like Elsevier

(https://www.journals.elsevier.com/the-lancet-infectious-diseases/) to  achieve

highest number of articles the terms pig, swine, porcine and countries names was

excluded.
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2.6. Selected Study

All countries where the selected studies took place were visualized using
Google map. In the beginning we assessed every title and abstract prior to as-
sess the full document/text; Authors of articles where full-text were inaccessi-
ble were contacted to gather scientific publications associated to porcine cysti-
cercosis in each country and some we used Sci Hub; to remove barriers. When
an appropriate article was encountered, required information such as diagnos-
tic method, Results (disease magnitude), and sample size was recorded when
accessible.

Available information were collected from 89 study locations which the study
sites were located in 19 countries across Africa that reported the prevalence of
whether documented as porcine cysticercosis, human cysticercosis, neurocysi-
cercosis, taeniosis, or Taenia solium was included whether it was diagnosed by
the following protocols/methods; epidemiological survey (questionnaires, envi-
ronmental studies, antemortem, postmortem), and serological examination, for
human cysticercosis or taeniasis by Ab-ELISA, Ag-ELISA and Coprology. Other
criteria were; random sampling method for selection of pigs in the study or
number of sample size, and authors for all the articles used were cited. The most

up to date literature was preferred.

2.7. Excluded Study

The studies that performed and published before the year 2001 was excluded, all
repeated studies from the title selection in the same country was excluded, stu-
dies based on questionnaire only were excluded for porcine cysticercosis preva-
lence [76]. Also environmental only studies was excluded, Wrong parasite spe-
cies e.g. [77], Studies performed in non-endemic countries or if based on expe-
rimental studies where location of infection could not be established, only clini-
cal studies e.g. [37], Studies carried out for assessing laboratory tests perfor-
mance, For human cysticercosis or taeniosisi Studies that focused on NCC only
e.g. [15]. Articles written in languages other than those spoken or understood by
all authors of this review some articles in west Africa countries was written in

French e.g. [78], if full-text was not available (Figure 1).

2.8. Data Collection

The following topics/items were collected and opened in a data base as of all
preferred article:

1) Author(s) For example; Seria M. Shonyela, Ernatus M. Mkupasi, Sikasunge
C. Sikalizyo, Evance M. Kabemba, Helena A. Ngowi and Isaac Phiri,

2) Year the article was published 2017,

3) Country Tanzania,

4) Number of pigs for Ag-ELISA survey 330,

5) Number of Ag-ELISA positive detected cases 110,

6) Number of Pigs for Tongue palpation/examination/or Lingual palpation
698,
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Number of articles remained after

Number of

uAm ero duplicates removed (n =361)
articles
retrieved - i

Studies performed out of Africa
continent (n = 112)

through all

(sjearcbhed Number of Studies that performed and published
(:li ;;;; articles screened before the year 2001 (n = 12)
(n=200) Repeated studies from the title
selection in the same country (n = 12)

Studies based on questionnaire only
(n=9)

Studies based on environmental only
(n=9)

Full text articles considered for Studies based on clinical studies only

eligibility (n=161) (n=17)

Wrong parasite species (n = 4)

Studies carried out for assessing
laboratory tests performance
(n=25)

Figure 1. A flow chart for the inclusion process of literatures analyzed.

7) Number of Tongue palpation/examination/or Lingual palpation positive
detected cases 44,

8) Number of pigs for EITB survey 0, number of EITB positive detected cases
0 but there were articles with the EITB diagnosis methods and positive cases,

9) Risk factors questionnaire survey was administered to a member of selected
households to gather information on pig management and other potential fac-
tors that could explain the prevalence of PC in the area.

In addition, if the study was conducted and associated with an analysis lying
on porcine cysticercosis or associated with human taeniasis, the prevalence and

the method used to diagnose cysticercosis and taeniasis were as well collected.

2.9. Statistical Analysis

The averages of prevalences in each method were used to estimate general pre-
valences. We calculated the average Seroprevalence of circulating antigens 7. so-
lium, Seroprevalence for antibodies, the prevalence of Tongue examination, and
postmortem in each country of Africa that was selected in this review. Also av-
erage of Ninety five% Confidence Intervals (95% CI) were calculated for all re-
ported prevalence’s. The significant differences in estimated prevalences were
evaluated using their 95% confidence intervals. The variations in prevalence be-
tween the selected countries were well thought out to be statistically significant if

their 95% confidence intervals do not extend beyond.

3. Results
3.1. Country Selection and Study Selection

Number of article selected from each country and the data found as it is shown

in the Literature review (references) page and Table 1 respectively. First we read
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Table 1. Summery showing population of pig, prevalence of porcine cysticercosis rec-
orded in each country in Africa from year 2001 to 2017.

Prevalence Prevalence

Pig Seroprevalence (%) Tongue (%) by References

S/N  Country

Populati %
opuiation (%) Examination Postmortem
1 Algeria 5000 ND ND ND [79]
2 Angola 2,603,365 ND ND 6.8 [14] [79]
3 Begnin 414,000 ND ND ND [79]
4 Botswana 13,500 ND ND ND [79]
5 Burkinafaso 2,345,188 36.05 ND 46 [23] [50] [79]
6 Burundi 388,242 ND ND 2-39 (14]
7  Cape Verde 84,559 ND ND ND [79]
[14] [59] [63]
8 Cameroon 1,750,000 11-32.2 4.2 - 26.6 15.7
[79] [80] [81]
Central African
. 1,000,000 ND ND ND [79]
Republic
10 Chad 33,000 ND 6.8 25.7 [14] [79]
11 Comoros ND ND ND ND ND
12 Ivory Coast 362,693 ND ND ND [79]
Democratic
) [23] [50] [79]
13 Republic of 1,050,000 38.8-41.2 5.5 ND (82]
Congo
14 Djibouti ND ND ND ND ND
15 Egypt 10,600 ND ND 12 - 40 [79] [83] [84]
Equatorial
16 i 6700 ND ND ND [79]
Guinea
17 Eritrea ND ND ND ND ND
18 Ethiopia 33,000 ND ND ND [79]
19 Gabon 225,000 ND ND ND [79]
20 Gambia 4873 4.8 0.6 [79] [85]
21 Ghana 638,000 ND ND 18.8 [79] [86] [87]
22 Guinea 104,000 ND ND ND [79]
23 Guinea-Bissau 460,000 ND ND ND [79]
[3] [27] [31] [35]
24 Kenya 432,979 4-433 3-344 ND [40] [79] [88]
(89] [90] [91]
25 Lesotho 81,000 ND ND ND [79]
26 Liberia 292,000 ND ND ND [79]
27 Libya ND ND ND ND ND
28 Madagascar 1,500,000 21.3 ND 2.3-4.6 [72] [79] [92]
29 Malawi 2,754,414 ND ND ND [79]
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Continued
30 Mali
31 Mauritania
32 Mauritius
33 Morocco
34 Mozambique
35 Namibia
36 Niger
37 Nigeria
Republic of
38
Congo
39 Rwanda
Sao Tome and
40 .
Principe
41 Senegal
42 Seychelles
43  Sierra Leone
44 Somalia
45 South Africa
46  South Sudan
47 Sudan
48  Swaziland
49 Tanzania
50 Togo
51 Tunisia
52 Uganda
53 Zambia
54  Zimbabwe
TOTAL
ESTIMATE

77,594
ND
14,500

8000

1,800,000

72,500

42,500

8,080,000

95,000

1,011,250

33,000

386,000
55,500
55,000

3700

1,600,000

ND
ND

35,000

500,000

1,000,000
5500

249,760

1,098,951

650,000

33,465,868

ND

ND

ND

ND

6-34.9

ND

ND

9.6 - 46

ND

20

ND

6.4-13.2
ND
ND
ND

28.2-644

ND
ND

ND

7.3-333

ND
ND

8.6-257

9.3-56.6

2.7-28.6

24.3

ND

ND

ND

ND

51-12.7

ND

ND

ND

ND

ND

ND

0.2
ND
ND
ND

11.9

ND
ND

ND

7.3-16.9

ND
ND

6.5-12.9

2.2-20.6

7.21

ND

ND

ND

ND

ND

ND

ND

3.2-14.4

ND

6.8

ND

ND
ND
ND
ND

ND
ND

ND

59-82

ND
ND

18.0

20.6

0.3

21.6

(79]

(79]
(79]

[46] [79] [96]
[97] [98] [99]
[100]

(79]
[14] [66] [79]
(79]

[79] [85]
[79]
[79]
[79]
[4] [6] [30] [73]
[79] [101]
ND

ND
[79]
[9] [13] [21] [26]
[28] [32] [42]
[47] [51] [64]
[69] [71] [74]
[75] [79]
[102]-[108]
[79]
[79]
[25] [79] [89]
[109] [110] [111]
[112] [113]

[12] [33] [65]
[79] [114]-[119]

[79] [117]

about 378 articles about 7Taenia solium but, no more than 161 studies were in-

cluded, since some data were too old to be included in this review. More than 2
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studies were selected from each country in Africa.

3.2. Porcine Cysticercosis in Africa

From the sixty eight (68) studies about prevalence of porcine cysticercosis of
twenty endemic reported countries. Nine studies used both diagnostic methods;
tongue/lingual palpation, Postmortem, and serological studies; Twenty three
(23) studies used Ag-ELISA and Tongue/lingual palpation, Three (3) studies
used Ag-ELISA and EITB, Four studies used only tongue/lingual palpation,
Thirteen studies used only postmortem, Three (3) studies used only EITB, and
fourteen studies used only Ag-ELISA.

The total number of selected article was one ninety. An average seropreva-
lence of porcine cysticercosis by circulating antigens detection was ranged from
4.8% to 50.25% while seroprevalence by antibodies detection was ranged from
10% to 33.3%. Average Prevalence by tongue/lingual palpation or examination
was ranged from 0.6% to 11.9%. Average Prevalence by postmortem examina-
tion/meat inspection was ranged from 4.6% to 26% thorough descriptions of
every study are specified as summery in Table 1.

By using the above results on Table 1 indicated that the estimated prevalence
of porcine cysticercosis in Africa was low as there were no data or old data in

some countries.

3.3. Estimation of the Overall Porcine Cysticercosis Prevalence

Average prevalence of porcine cysticercosis in each country based on Ag-ELISA
was used to estimate an overall prevalence of porcine cysticercosis in the country
except for those countries with no data based on Ag-ELISA were estimated ac-
cording to methods used. The overall estimated prevalence’s from endemic
countries were; in Tanzania of (22.2% (95% CI [1.4% - 42%]) from twelve stu-
dies, in Zambia, of (24.32% (95% CI [1.2 - 47.3]) from eight studies, in Kenya of
(22.9% (95% CI [1.9 - 43.5]) from seven studies, in Uganda of (18.0% (95% CI
[0.8 - 46.9]) from six studies, in Mozambique, of (10% (95% CI [2.3 - 32.3]) from
five studies, in Nigeria of (27.8% (95% CI [2.3 - 52]) from five studies, in Came-
roon, of (19.5% (95% CI [2.2 - 46.4]) from three studies, in South Africa, of
(50.2% (95% CI [4.6 - 68.4]) from three studies, in Democratic republic of Con-
go (DRC) of 39.6% (95% CI 2.1 - 61.3]) from two (2) studies, in Burkina Faso, of
(36.05% (95% CI [2.8 - 42]) from two (2) studies, in Madagascar of (21.3% (95%
CI [2.5 - 38.4]) from two (2) studies, in Egypt of (30% (95% CI [6.2. - 47.3])
from two (2) studies, in Angola of (6.8% (95% CI [2.7 - 8.2]) from one (1) study,
in Chad of (25.7% (95% CI [2 - 30]) from one (1) study, in Burundi of 39% (95%
CI [2 - 40]) from one (1) study, in Senegal of (13.2% (95% CI [0.1 - 17.3]) from
one (1) studies, in Rwanda of (20% (95% CI [2.1 - 23]) from one (1) studies, in
Zimbabwe, of (28.6% (95% CI [1.2 - 33.3]) from one (1) study. in Gambia of
(4.8% (95% CI [0.2 - 8.2]) from one (1) study. study. in Ghana of (18.8% (95%
CI [4 - 22.2]) from one (1) study.
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In general Sixty eight (68) studies out of 183 articles estimated the prevalence
of PC/T. solium as follows: 45 articles by Ag-ELISA were 29.7%, 15 articles by
EITB were 24.7% (95% CI [4.8 - 54.7]), 44 articles by tongue examination were
9.4% (95% CI [0.2% - 40%]), 22 articles by postmortem were 15% (95% CI [0.2%
- 32%]) as summarized in Table 2.

3.4. Prevalence of Human Cysticercosis in Some Countries in
Africa

As summerised in Table 3, Twenty number of articles were included in this re-
view for human cyaticercosis/taeniasis from ten countries from which; One (1)
was studied for both methods (Ab-ELISA, Ag ELISA, EITB, and Coprology), Six
(6) were studied for circulating antibody and antigen (Ab-ELISA and Ag-ELISA),
Seven for only circulating antibody, One (1) was studied for only CT scan, and
One (1) was studied for only Coprology.

Average seroprevalence of human cysticercosis by circulating antibody detec-
tion (Ab-ELISA) were ranged from 1.3% to 45.3%, Average seroprevalence of
human cysticercosis by circulating 7. soliumantigen detection (Ag-ELISA) were
ranged from 4.6% to 11.9%. Average seroprevalence of human cysticercosis by
EITB were ranged from 6.9% to 16.7%. Average Prevalence of human cysticer-
cosis by CT scan was ranged from 23.2% to 54.6% (Table 3).

3.5. Risks Factors Associated with Active Human Cysticercosis

According to the study in Zambia by Mwape and colleagues 2015 [118] demon-
strated that Seropositivity was significantly positively related to age but not re-
lated to gender. cysticercus antigens increased significantly in individuals above
the age of 30. But Copro-Ag positivity was not related to age or gender. Many
studies showed that significantly higher sero-Ag to the age of 60 years. Previous

studies have indicated higher levels of active infection in elderly people, may be

Table 2. Diagnostic tests used for the estimating prevalence of porcine cysticercosis in
Africa were.

Prevalence 95%
Test Disease % Confidence Reference
interval
(3] [9] [14] [21] [23] [28] [31]
Ag-ELISA Porcine [32] [33] [35] [40] [59] [71] [72]
(B158/B60) and cvsticercosis 29.7 0.8 -62 [73] [75] [99] [101] [105] [108]
(HP10) 4 [110] [112] [116] [117]
[119]-[124]
EITB Cyiiocr:r‘:;is 247 48-547  [18] [30] [33] [34] [59] [101]

Porci (9] [14] [26] [28] [30] [31] [34]
. L. orcine
Lingual examination 9.4 0.2 -40 [35] [40] [45] [48] [63] [71] [75]

cysticercosis [90] [91] [110] [119] [125]
Post-mortem P?rc1ne . 15 02-32 [26] [40] [41] [72] [94] [99]
cysticercosis [107] [126] [127] [128]
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Table 3. Summery prevalence of human cysticercosis/taeniosis in Africa from few se-
lected studies.

ADb-ELISA CT SCAN COPROLO
Countr Ag-ELISA % EITB (%) References
Vw8 %)  GY (%)
Zambia 39.3 23.2 ND 4.1-245 14.8 [118]
Burkina Faso 1.3 -10.3 17 ND ND ND [19] [129]
DRC 6.3-234 ND ND 41.2 ND [3]
Burundi 20-40.8 4.6 6.9 ND ND [123] [130]
) [47] [104] [131]
Tanzania 2.8-453 119 14 - 16.7 4-54.6 5.2
[132]
Egypt 6.5 (84] [133]
Ghana ND ND ND 13.15 [86]
. [99] [134] [135]
Nigeria 8.4-40.9 ND ND ND ND
[136] [137]
Mozambique 8 15.5 ND 71.9 ND [15]
Uganda 9 15 13 ND ND [138]
Total range 1.3 -45.3 4.6-119 6.9-16.7 23.2-54.6 5.2-14.8 16

due to a lowered host immune response [22].

The study in Tanzania by Mwanjali and colleagues 2013 [47] revealed that
being older age had high risk for seropositivity with human cysticercosis in the
regression model, because they found that Ag-ELISA was higher in the age
groups 36 - 45 years (OR = 2.5) and 46 - 60 years (OR = 2.6) as compared to
young people < 25 years. In contrast, human cysticercosis by Ab-ELISA in the
regression model, the study demonstrated the risk for seropositivity that related
to gender as was found to be significantly higher for males as compared to fe-
males and was related to family history as was found to be significantly higher

for people using an unsafe source of water.

3.6. Continent Distributions of the Endemic Countries Where
Studies Were Held

Prevalence of Porcine Cysticercosis, Human Taeniosis/Cysticercosis data re-
ported using different diagnostic techniques, of the checked information; Forty
three (43) studies were from nine countries in east Africa, Three (3) studies were
from one (1) country in Southern Africa, Ten studies were from five countries in
west Africa, Two (2) studies were from one (1) country in Northern Africa,
Seven studies were from four (4) countries in Central Africa. In these studies,
clear prevalence on porcine cysticercosis varied from 0.2% to 56% as results
shown in Table 1.

3.7. Risk Factors for Porcine Cysticercosis and Human
Cysticercosis in Africa Countries

Of the 161 articles selected out of it 72 Articles were reported risk factors for the
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presence of Taenia solium as causes of porcine Cysticercosis and human cysti-
cercosis. The management systems used by pig farmers in Africa are dogged by
an assortment of causes as well as the source of feed, Deficient of financial re-
source for animal houses, feeding and health concern obligations [8] [13] [30]
[70] [76] [88] [89] [90] [120] [125] [139] [140] [141] [142]. The famous risk fac-
tors for the presence of porcine Cysticercosis and human taeniosis/cysticercosis
were: Inadequate research attention and investments in pig production [76],
Free range pig rearing (Penrith ef al, 2007), insufficient latrines or poor use of
latrines because of foul odors, flies, latrine deluging and lack of privacy as no an
exceptional concern to be given to construction of latrines to be easy to people
with disabilities, old people and children [13] [33] [104] [114] [133], insuffi-
ciency sanitary for example Poor sanitation carried out in slaughterhouses [42]
[46] [143] [144] health education to the community [104] [143] [145]. Keeping
pig for long time as increased risk with age [31] [35] [57] [59] [74] [98] [107]
[120] [146] lack of potable water and poor personal and house hygiene [15] un-
dercooked pork consumption, Free-roaming of pigs and Poor sanitary condi-
tions acknowledged as significant risk factors for porcine cysticercosis are habi-
tually associated to the low level of education stuck between the pig farmers
that limits their knowledge on the management of pigs [30] [125]. Almost ab-
solute unawareness of the 7. solium life cycle concerning pigs and humans
(taeniosis and neurocysticercosis) has been reported within studies carried out
in Africa [33] [34] [59] [147]. Good numbers of farmers in endemic areas are
familiar with on the subject of the cysts in infected pigs, although a small
number of farmers are conscious of how pigs acquire the infection [32] [33]
[47] [57] [108] [147] [148].

In rural areas pig production can be classified into three main categories
[103] scavenging/free range system where the pig finds most of its own food,
and semi-intensive and intensive systems where the majority of the food con-
sists of domestic kitchen waste. About 90% of pigs are reared under scaveng-
ing/free range and semi-intensive in Western and Central African countries
[13] [15] [37] [60] [149]. In these pig production systems, poor sanitary condi-
tions play an important role in the circulation of 7. solium infection [14]. A
free-range production system for pigs combined with open field defecation by
humans are the conditions in which the animals can gain access to human
faeces [28] [32] [33] [75] [146] [150]. Intensive pig production systems do not
always eliminate 7. solium transmission because in Cameroon for instance
some farmers are known to defecate directly in the pigsties [151]. The charac-
teristics of traditional pig production systems favoring 7. solium taeni-
osis/cysticercosis in Eastern and Southern African countries are largely similar
to those reported in West and Central Africa [9] [27] [30] [32] [71] [125]. Pig
keeping is predominantly of the smallholder, traditional type, characterized by
a free-range management system [12] [30] [72] [114] [125] [152] South Africa
and Ethiopia.
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4. Discussion

Generally, pork or pig-meat products are consumed in Africa, but in Islamic
countries it is prohibited and there were few or no data in Islamic countries.
Many counties of Africa Continent well liked keeping pigs, though, there has
been no study that has evidently described the outline overall status of porcine
cysticercosis and overall clear outline of pig production in Africa continent [8]
[153]. In actuality, porcine or swine cysticercosis is the result of pig ingesting
Taenia solium egg coming from human feces containing tapeworm egg that may
perhaps have acquired the cyst from pork meat either locally produced or
transported from other endemic regions [154] [155] [156] [157]. For that reason
this review was important in order to understand the currency prevalence of
porcine cysticercosis in the continent as well as pig production, in view of the
fact that, Africa is one of the continents where the full cycle of 7. solium is tak-
ing place because of the favorable environmental situation or behavioral condi-
tions enhancing egg distribution and survival and also because of poverty, which
holds back application of efficient control measures for the parasite, because the
presence of circulating antigens at a population level is the outcome of viable
cysticerci in pigs.

The information presented in this review assessed a number of literatures de-
tails of the current status of porcine cysticercosis in each country of Africa based
on available scientific literature on: tongue/lingual palpation, postmortem and
seroprevalence. The outcome of this review allowed us to estimate the preva-
lence of porcine cysticercosis and introduction to the parasite in endemic dis-
tricts of different countries in Africa. Porcine cysticercosis, Taenia soliumor
human cysticercosis/taeniosis were recognized in eighty nine (89) districts in
nineteen (19) African countries lying on the literature search. At the moment we
are familiar with the cysticercosis caused by Zaenia solium metacestode, as one
of the major public health diseases, which infects pigs and plays an important
role in human taeniosis and cysticercosis. This review also points out that a
number of factors associated with etiology and persistence of 7. solium cysticer-
cosis exist in pig production systems in Africa.

In this review immunodiagnostic tests such as Ag-ELISA and EITB are found
sensitive and specific and showed as the best method of detecting the cysticerco-
sis both in pigs and human but immunodiagnostic tests are not simply available
in every country because both require access to laboratory with appropriate ap-
paratus and training staff. Therefore antemortem tongue palpation and post-
mortem meat inspection are in general used in Africa meant for diagnosis of
porcine cysticercosis in any environment and by any who know the Taenia So-
liumcyst even animal slaughters or butchery. However on the other hand, both
these two methods are limited on sensitivity.

The general estimated prevalence of porcine cysticercosis in Africa was
(24.3%), and of human taeniosis/cysticercosis was (37.3%). Although some

countries had no data or were not significantly different, Table 1. The estimated
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prevalence of porcine cysticercosis by tongue examination was higher in endem-
ic areas of Kenya, Zambia, Tanzania and Uganda (34.4%, 20.6%, 16.9%, 12.9%)
compared to Democratic Republic of Congo, Senegal, Gambia, and South Africa
(5.5%, 0.2%, 0.6% and 11.9%), respectively, despite the fact that this difference
was not statistically significant due to number of studies was higher and more
current in Tanzania, Zambia, Kenya and Uganda than DRC, Senegal, Gambia,
and South Africa. Once studied in detail, all the Tanzanian studies except two
showed a higher prevalence of porcine cysticercosis than the studies in South
Africa. The prevalence of Tongue examination, Postmortem and circulating an-
tigens reported in Kenya, Zambia, Tanzania South Africa, Mozambique and
Uganda ranged from 3% to 56.6%, [12] [13] [30] [40] [48] [71] [110] while the
prevalence in, Nigeria, Cameroon, Madagascar, Gambia and Senegal ranged
from 3% to 25%, [35] [59] [72] [158], excluding one study from Nigeria report-
ing a prevalence of 46% [159]. The figures observed in Table 3 demonstrated big
variations in prevalence of porcine cysticercosis between using Tongue examina-
tion, Postmortem, and sero-prevalence by antigen and antibodies detection.

Studies from the South Africa, Zambia, and Democratic Republic of Congo
(DRC) [12] [23] [30] [73], revealed exceptionally high prevalence statistics of
circulating antigens and antibodies not recorded in whichever other part of the
Africa (57%, 56.6% and 41.2%,, respectively). The statistics recommend a higher
incidence of porcine cysticercosis in Tanzania, Kenya, Uganda, South Africa,
Zambia, Mozambique and Democratic Republic of Congo (DRC), at the same
time as compare to Senegal, Gambia, Zimbabwe, Madagascar and Burundi.

The predicted prevalence of porcine cysticercosisin circulating antigens and
antibodies detection test in each country were higher than the predicted Preva-
lence of porcine cysticercosis using tongue examination and postmortem in the
same country, but this difference was only statistically significant for Tanzania,
Kenya, Uganda, South Africa, and Mozambique. There was observation of a sig-
nificantly higher seroprevalence of porcine cysticercosis by antigen and antibody
detection for studies that carried out both Tongue examination, postmortem,
antigen and antibody detection tests. This distinct difference in the seropreva-
lence of circulating antigens or antibodies with Tongue examination or post-
mortem as observed by [59] [63] [72] [73] as shown in Table 3.

In this review, free range pig rearing, insufficient latrines or poor use of la-
trines [13] [33] [89], insufficiency sanitary [144], lack of health education to the
community were reported as a significant risk factor both for the presence of
circulating antigens and/or antibodies, Tongue examination and postmortem
Table 3. Most studies revealed that the presence of pigs and the consumption of
pork were also acknowledged as significant risk factors in favor of introduction
of disease in the area [160].

At the time of writing this review there were no data about pigs reported for
Djibouti, Comoros, Mauritania, Eritrea, Libya, Sudan, and Southern Sudan. This
suggesting probably absence of pigs or insignificant pig rearing in the countries

could be due to lack of professional for animal data collection in the country, or
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due to drought such as northern Africa region, also likely because most of the
inhabitants in the region are Muslims. In the northern Africa countries there
was no data available with regard to prevalence of porcine cysticercosis possibly
because of non-availability of proper diagnostic facilities in the area or no pigs.
Some countries had old data such as Togo, Egypt, Senegal, Gambia, Togo, and
Guinea and Central African Republic.

Not all the studies offered details of the studied in sequence such as number of
pigs in representativeness of each age group, health status of the pig such as
presence of other pathogens that could have interfered when characterizing and
comparing prevalence figures. Also were no studies selected for this review re-
ported the presence of adult tapeworms in pigs’ even postmortem studies con-
centrated only on muscle diagnosis but not intestinal diagnosis.

This review demonstrated the prevalence of porcine and human cysticercosis
and exposure to the parasite in endemic countries in Africa, suggests that further
studies have to be done in Africa to develop rapid tests serviceable at the farm
level so that to detect infected animals in farms in order to offer safe meat for
neighborhood demand. We recommend for additional studies because there is
limited information on the prevalence of porcine cysticercosis in some countries
in Africa because of non-availability of appropriate diagnostic facilities in vari-
ous settings where these infections are widespread and no published articles on
pig population and porcine cysticercosis from northern Africa. Most countries
have old information such as Senegal, Gambia, Zimbabwe and Togo (e.g. [161]
for Togo) therefore this study suggests that 7. solium infection is more wide-
spread than these data reported here because of insufficiency data as many
countries with unknown data. The rapid epidemiological tool for evaluation of
the prevalence of porcine cysticercosis is tongue examination for cyst, although
further justification and refinement is necessary using standardized data sets.

High prevalence of porcine cysticercosis was observed in many articles in
Africa with traditional pig rearing practices and villages with lack knowledge of
the disease. In order to be successful, veterinary and medical public health ser-
vices be supposed to find out foci of the disease transmission and work out on
control strategies such as research, surveillance and control activities although
will be needy on the presence of appropriate infrastructure. Therefore exposure
was mostly related to environmental factors which varied from country to coun-
try.

The appropriate method to eliminate the problem is by using combination
treatment by drugs or vaccine that expel parasitic worms (antworms) so that can
eliminate existing infections in pigs and human, combined with increasing

awareness as discussed about the risk factors.
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