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Abstract
A large-scale study on canine Leishmania infection (CanL) was conducted in six localities
along a west-east transect in the Algerian littoral zone (Tlemcen, Mostaganem, Tipaza,
Boumerdes, Bejaia, Jijel) and covering two sampling periods. In total 2,184 dogs were tested with an indirect fluorescent antibody test (IFAT) and a direct agglutination test (DAT).
Combined multiple-testing and several statistical methods were compared to estimate the
CanL true prevalence and tests characteristics (sensitivity and specificity). The Bayesian
full model showed the best fit and yielded prevalence estimates between 11% (Mostaganem, first period) and 38% (Bejaia, second period). Sensitivity of IFAT varied (in function of
locality) between 86% and 88% while its specificity varied between 65% and 87%. DAT was
less sensitive than IFAT but showed a higher specificity (between 80% and 95% in function
of locality or/and season). A general increasing trend of the CanL prevalence was noted
from west to east. A concordance between the present results and the incidence of human
cases of visceral leishmaniasis was observed, where also a maximum was recorded for Bejaia. The results of the present study highlight the dangers when using IFAT as a
gold standard.

Introduction
Leishmaniasis caused by Leishmania infantum is endemic in the Mediterranean basin where
the dog is considered the main domestic reservoir for human visceral leishmaniasis (VL) [1].
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Canine leishmaniasis (CanL) caused by L. infantum is a severe zoonotic disease that affects
millions of dogs [2]. The parasites are transmitted by the bites of female sandflies of the genus
Phlebotomus (Phlebotominae, Diptera) that are in Algeria Phlebotomus perniciosus and P. longicuspis [3, 4]. The incubation period of CanL ranges from a few months to several years [5]. The
clinical features of the disease vary from subclinical self-limiting infection to fatal disease [5, 6].
Both diseased and sub-clinically infected dogs are infectious to sand fly vectors, allowing transmission of the parasite to other dogs or humans [7, 8]. That is why prompt diagnosis of infected
dogs is essential. Microscopic examination of smears of lymph node and bone marrow aspirates,
along with serology and polymerase chain reaction, are the most frequently used diagnostic
methods for CanL [9, 10]. However, according to the World Organisation for Animal Health serology is the preferred method for diagnosis of CanL and VL, even during the early stages of the
disease: with a purported sensitivity of 96% and a purported specificity of 98%, immunofluorescence antibody test (IFAT) is considered the most suited test for field diagnosis [11].
A first epidemiological survey involving 462 dogs of Algiers, in which three serological tests
were assessed in different dog categories, showed that IFAT was the most sensitive. However, its
specificity was considerably lower in farm dogs (65%) [12]. Therefore, in the present study, IFAT
was combined with the direct agglutination test (DAT) to carry out a cross-sectional survey in six
cities of the sea coast region of Algeria. This area was chosen because the geographical distribution of VL covers all the humid and sub-humid regions in the north of the country [13–16].
Several statistical methods have been developed to assess the true prevalence and the diagnostic accuracy in the absence of a true gold standard [17]. The true prevalence is the number
of truly infected individuals of a tested population [18]. When no perfect test is available, the
results will provide an estimate of the true prevalence known as the apparent prevalence. This
is also called the seroprevalence when using serological diagnostic tests. Latent class models for
which the true disease status is considered to be a latent variable were often used for estimating
test accuracy and disease prevalence in the absence of a gold standard [19]. The first model suggested by Hui and Walter [20] is useful when two or more tests are applied to the same individuals from two or more populations. This method uses the maximum likelihood procedure
under the assumption of conditional independence between test results, that sensitivity and
specificity are unchanged in the two populations and that each population has distinct disease
prevalence. If these assumptions are not met, we use a Bayesian approach to draw inferences
about the disease prevalence and test properties while adjusting for the possibility of conditional dependence between tests [21]. Bayesian statistics is a theory for interweaving new and existing data by taking both sources into account [19].
The objective of the present study was to estimate the true prevalence of canL in a large dog
population before and after the vector season, comparing the results obtained from standard
frequentist approaches and different estimation models used in a Bayesian framework. At the
same time, the diagnostic test characteristics of IFAT and DAT were also evaluated.

Materials and Methods
Ethics statement
Authorisation to conduct the survey was obtained from the Direction des Services Vétérinaires
(DSV, Ministry of Agriculture) and the Institut National de Médecine Vétérinaire (INMV,
Ministry of Agriculture). The protocol, including blood collection procedures, was approved
by the Doctoral Committee at the Institute of Tropical Medicine, Antwerp and the Doctoral
Committee of the Faculty of Veterinary Medicine at the University of Liège. Privately owned
dogs were included in the study. Blood collection was done by means of cephalic veinal puncture, after minimal restraining and without anaesthetic. At each Wilaya (locality, township),
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Fig 1. Location of localities sampled. 1 = Tlemcen, 2 = Mostaganem, 3 = Tipaza, 4 = Boumerdes, 5 = Bejaia, 6 = Jijel.
doi:10.1371/journal.pone.0117313.g001

the study was authorised and supervised by the respective Inspection Vétérinaire de Wilaya
(IVW de Tlemcen, Mostaganem, Tipaza, Boumerdes, Jijel and Bejaia), operating under the umbrella of the Direction des Services Vétérinaires. The official veterinary officer of the Inspection
Vétérinaire de Wilaya in question carried out the blood collection after obtaining oral permission from the dog owner. The study took place on the territories of the six aforementioned
Wilayate (Tlemcen, Mostaganem, Tipaza, Boumerdes, Jijel and Bejaia). The field studies did
not involve endangered or protected species.

Study area
A cross-sectional study was conducted in six Wilayate (singular: Wilaya = locality) of the Algerian littoral zone (from west to east): Tlemcen, Mostaganem, Tipaza, Boumerdes, Bejaia and
Jijel (Fig. 1). The original list also included Oran and Annaba, but no collaboration could be established there because of a rabies scare. Within the selected localities, surveys were carried out
between February and April 2008 (first phase, before the vector season, which extends from
May to October) and between November 2008 and February 2009 (second phase, after the vector season) [15].

Animals
A random sample of the canine population of all municipalities at each location was obtained
in each collection phase. No distinction between sex and age was made. No stray dogs were included as there were no kennels in the localities included in the sampling frame. With a maximum prevalence of 11% estimated in Algiers within the group of stray dogs [12] and an
absolute precision of 5%, the sample size was 150 dogs. Thus, we requested the veterinary officers to collect 200 samples in each city in each season. All animals were in judged to be in
good health.

Serology
Blood from the cephalic vein was collected in dry labelled tubes. Two serological tests were
used: an indirect immunofluorescence antibody test (IFAT) and a direct agglutination test
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(DAT). Both tests were selected after evaluation in different groups of dogs in Algiers [12]:
IFAT showed a high sensitivity in all groups(≽ 90%), but a low specificity in farm dogs (65%),
whereas DAT had a high specificity in all groups (≽ 85%).
IFAT was performed according to [22] and [23]. The antigen consisted of promastigotes of
L. infantum. Anti-Leishmania antibodies were detected by secondary antibodies against rabbits, anti-dog immunoglobulins G (IgG) conjugated with fluorescein isothiacyanate (FITC)
(Sigma-Aldrich, St Louis, MO, USA). A 1:128 dilution was used as cut-off value [24, 25].
DAT was performed using a commercial kit, available from the Institute of Tropical Medicine (Antwerp). A dilution of 1:320 was used as cut-off value [26, 27].

Statistical analysis
The data generated by the survey produce 12 sets (six localities times two sampling periods) of
four data points each (Table 1).
The apparent prevalence (laboratory seroprevalence, proportion positive test results) per
test and combination of tests: parallel interpretation (at least one positive test result signifies a
positive dog) and serial interpretation (both tests must be positive to be a case) and their exact
95% confidence intervals were calculated [l0.025 = qbeta(0.025, npositive, nnegative+1); l0.975 =
qbeta(0.975, npositive+1, nnegative) with qbeta being the beta quantile function with parameters
(probability, shape1, shape2) and n. . . the number of positive or negative test results]. True and
apparent prevalence by diagnostic test and by sampling period were plotted on a map produced
with QGIS 2.0.1, using georeferenced data on the administrative regions of Algeria (obtained
from http://www.diva-gis.org/gdata).
Concordance between test results was expressed in terms of indices of positive and negative
agreement [28] and their 95% confidence intervals were calculated according to [29]. Computations were done in R 3.1.1 (http://www.r-project.org). The code is shown in S1 Listing 1.
Estimation of the true prevalence and test characteristics was attempted in several ways. As
explained in detail in [30], a full two-diagnostic-test model, assuming no conditional independence between the two tests, consists of three independent equations with seven variables to
estimate (refer to Table 1 for Ti+/-; D+ D- refer to respectively truly infected and truly
infection-free dogs):
pðT1þ T2þ Þ ¼ W1 W2 W4 þ ð1  W1 Þð1  W3 Þð1  W7 Þ
pðT1þ T2 Þ ¼ W1 W2 ð1  W4 Þ þ ð1  W1 Þð1  W3 ÞW7
pðT1 T2þ Þ ¼ W1 ð1  W2 ÞW5 þ ð1  W1 ÞW3 ð1  W6 Þ
pðT1 T2 Þ ¼ W1 ð1  W2 Þð1  W5 Þ þ ð1  W1 ÞW3 W6
¼ 1  pðT1þ T2þ Þ  pðT1þ T2 Þ  pðT1 T2þ Þ
W1 ¼ pðDþ Þ

½pðD Þ ¼ 1  W1 

W2 ¼ pðT1þ j Dþ Þ
W3 ¼ pðT1 j D Þ
W4 ¼ pðT2þ j Dþ \ T1þ Þ
W5 ¼ pðT2þ j Dþ \ T1 Þ
W6 ¼ pðT2 j D \ T1 Þ
W7 ¼ pðT2 j D \ T1þ Þ
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Table 1. Data structure per locality per sampling round. Tij : number of test results with i = test (1 = IFAT,
2 = DAT) and j = test result (– = negative, + = positive).
DAT
-ve
IFAT

+ve

-ve

T1 T2

T1 T2þ

+ve

T T

T1þ T2þ

þ
1


2

doi:10.1371/journal.pone.0117313.t001

The current data set has 36 independent equations (six localities ×two periods ×three equations) and, assuming conditional test dependence and specific diagnostic test characteristics
per locality per period, requires 84 variables to be estimated (six localities ×two periods ×seven
variables). Because the number of variables to estimate exceeds the number of independent
equations, prior deterministic or probabilistic constraints need to be applied to allow estimation [30].
The starting point is the simplified so-called Hui-Walter model Appendix [20], whereby
tests are assumed conditionally independent and test sensitivity and test specificity are assumed
constant over the two sampling periods per locality. Per locality, this model results in six independent equations (three for the first sampling period and three for the second) and six variables to be estimated (prevalence first period, prevalence second period and two sensitivities
and specificities – note that this results in six variables ×six localities = 36 variables in total).
This model is thus entirely driven by deterministic constraints. The starting model is
(pi, i 2 {1, 2} for respectively period 1 and period 2):
p1 ðT1þ T2þ Þ ¼ W1 W3 W5 þ ð1  W1 Þð1  W4 Þð1  W8 Þ
p1 ðT1þ T2 Þ ¼ W1 W3 ð1  W5 Þ þ ð1  W1 Þð1  W4 ÞW8
p1 ðT1 T2þ Þ ¼ W1 ð1  W3 ÞW7 þ ð1  W1 ÞW4 ð1  W6 Þ
p1 ðT1 T2 Þ ¼ W1 ð1  W3 Þð1  W7 Þ þ ð1  W1 ÞW4 W6
¼ 1  p1 ðT1þ T2þ Þ  p1 ðT1þ T2 Þ  p1 ðT1 T2þ Þ
p2 ðT1þ T2þ Þ ¼ W2 W9 W11 þ ð1  W2 Þð1  W10 Þð1  W14 Þ
p2 ðT1þ T2 Þ ¼ W2 W9 ð1  W11 Þ þ ð1  W2 Þð1  W10 ÞW14
p2 ðT1 T2þ Þ ¼ W2 ð1  W9 ÞW13 þ ð1  W2 ÞW10 ð1  W12 Þ
p2 ðT1 T2 Þ ¼ W2 ð1  W9 Þð1  W13 Þ þ ð1  W2 ÞW10 W12
¼ 1  p2 ðT1þ T2þ Þ  p2 ðT1þ T2 Þ  p2 ðT1 T2þ Þ
W1 ¼ p1 ðDþ Þ

½p1 ðD Þ ¼ 1  W1 

W2 ¼ p2 ðDþ Þ

½p2 ðD Þ ¼ 1  W2 

W3 ¼ p1 ðT1þ j Dþ Þ; W9 ¼ p2 ðT1þ j Dþ Þ
W4 ¼ p1 ðT1 j D Þ; W10 ¼ p2 ðT1 j D Þ
W5 ¼ p1 ðT2þ j Dþ \ T1þ Þ; W11 ¼ p2 ðT2þ j Dþ \ T1þ Þ
W6 ¼ p1 ðT2 j D \ T1 Þ; W12 ¼ p2 ðT2 j D \ T1 Þ
W7 ¼ p1 ðT2 j Dþ \ T1 Þ; W13 ¼ p2 ðT2þ j Dþ \ T1 Þ
W8 ¼ p1 ðT2 j D \ T1þ Þ; W14 ¼ p1 ðT2 j D \ T1þ Þ

PLOS ONE | DOI:10.1371/journal.pone.0117313 March 20, 2015

5 / 17

Canine Leishmania Infection in the Algerian Littoral Zone

The Hui-Walter deterministic constraints are ϑ3 = ϑ9; ϑ4 = ϑ10; ϑ5 = ϑ7 = ϑ11 = ϑ13; ϑ6 = ϑ8 =
ϑ12 = ϑ14 and the model thus becomes:
p1 ðT1þ T2þ Þ ¼ W1 W3 W5 þ ð1  W1 Þð1  W4 Þð1  W6 Þ
p1 ðT1þ T2 Þ ¼ W1 W3 ð1  W5 Þ þ ð1  W1 Þð1  W4 ÞW6
p1 ðT1 T2þ Þ ¼ W1 ð1  W3 ÞW5 þ ð1  W1 ÞW4 ð1  W6 Þ
p1 ðT1 T2 Þ ¼ W1 ð1  W3 Þð1  W5 Þ þ ð1  W1 ÞW4 W6
p2 ðT1þ T2þ Þ ¼ W2 W3 W5 þ ð1  W2 Þð1  W4 Þð1  W6 Þ
p2 ðT1þ T2 Þ ¼ W2 W3 ð1  W5 Þ þ ð1  W2 Þð1  W4 ÞW6
p2 ðT1 T2þ Þ ¼ W2 ð1  W3 ÞW5 þ ð1  W2 ÞW4 ð1  W6 Þ
p2 ðT1 T2 Þ ¼ W1 ð1  W3 Þð1  W5 Þ þ ð1  W1 ÞW4 W6
W1 ¼ p1 ðDþ Þ

½p1 ðD Þ ¼ 1  W1 

W2 ¼ p2 ðDþ Þ

½p2 ðD Þ ¼ 1  W2 

W3 ¼ p1 ðT1þ j Dþ Þ
W4 ¼ p1 ðT1 j D Þ
W5 ¼ p1 ðT2þ j Dþ Þ
W6 ¼ p1 ðT2 j D Þ
This model is run in WinBUGS [31]. The code is shown in S2 Listing 2. Model fit and concordance between prior constraints and data are assessed by means of Bayes−p value, DIC and
pD (see [30] for a detailed description of the use of these statistics). The prior constraints applied to the two prevalences are necessary because of the existence of two mirror-symmetric solutions when solving the Rogan-Gladen equation [32]:
p0 ¼ pSe þ ð1  pÞð1  SpÞ
with:
p0 ¼ apparent prevalence
p ¼ true prevalence
Se ¼ test sensitivity
Sp ¼ test specificity
Solutions are: {p1 = p; Se1 = Se; Sp1 = Sp} and {p2 = 1−p; Se2 = 1−Sp; Sp2 = 1−Se}. Applying a
(realistic) prior uniform {0, 0.5} to p forces the solution towards {p1, Se1, Sp1}.
A second approach also limits the number of variables to be estimated to 36. Contrary to
the Hui-Walter model, it allows for conditional test dependence and different test characteristics in different locality-period combinations. Reduction of 84 variables to be estimated to 36 is
achieved by combining the localities into two groups, based on the level of apparent prevalence:
a first group contains the two westernmost localities (Tlemcen and Mostaganem), the second
group the four other localities (Tipaza, Boumerdes, Bejaia and Jijel). The 36 variables to be estimated are thus: 12 prevalences and 4 groups ×6 variables per group (ϑ2. . .ϑ7). The WinBUGS
listing is shown in S3 Listing 3.
As stated before, the full model for the current data set, assuming conditional dependence
and different variable values for the six localities ×two sampling periods combinations thus has
36 independent equations and 84 variables. It is obvious that this model is over-specified and
that external information is required in order to obtain estimates for the variables. The external

PLOS ONE | DOI:10.1371/journal.pone.0117313 March 20, 2015

6 / 17

Canine Leishmania Infection in the Algerian Littoral Zone

(prior) information was extracted from [12]: this article demonstrated that the diagnostic test
characteristics (both for IFAT and DAT) depend on the type of dog on which the test is applied. The type of dog was not unequivocally established in the current survey, although most
of the animals could be classified as either farm dog or guard dog. The limits used for the prior
information were therefore the minimum value of the lower limits of the 95% confidence intervals obtained for farm dogs and guard dogs and the maximum value of the corresponding
upper limits. Bayes-p, DIC and pD values were used to guide model adjustment, which in this
case consisted mainly of refining the ranges of the prior uniform distributions. Since only values for sensitivity and specificity were available from [12], a model based on covariances was
used to model conditional test dependence [21]. The WinBUGS listing of the basic model is
shown in S4 Listing 4.

Results
A total of 2,184 dogs were sampled during the two phases (1,180 during the first sampling period and 1,004 during the second). The detailed results per locality, period and test are given in
Table 2.
Table 3 and Figs. 2 and 3 show the apparent prevalences, the proportion positive results per
locality and sampling round. IFAT-based apparent prevalence is nearly always higher than that
based on DAT (the only exception is Tipaza during the second sampling round). Within each
locality, IFAT-based apparent prevalence is very similar for the two sampling phases. The same
is true for DAT-based seroprevalence, with the exception of Tlemcen, Boumerdes and Bejaia
where higher values are observed during the second sampling round. Parallel and serial interpretation of the results are much more variable: there is no difference between the two sampling rounds for the serial interpretation based apparent prevalence for the two most western
Table 2. Contingency tables per locality per sampling period with positive (+ve) and negative (-ve) results in IFAT and DAT.
Phase 1
IFAT

DAT
-ve

Tlemcen

Mostaganem

Tipaza

Boumerdes

Bejaia

Jijel

Phase 2

+ve

IFAT
Total

DAT
-ve

+ve

Total

-ve

107

12

119

-ve

94

13

107

+ve

47

16

63

+ve

29

16

45

Total

154

28

182

Total

123

29

152

-ve

81

0

81

-ve

120

3

123

+ve

50

12

62

+ve

27

19

46

Total

131

12

143

Total

147

22

169

-ve

111

49

160

-ve

123

19

142

+ve

56

26

82

+ve

17

50

67

Total

167

75

242

Total

140

69

209

-ve

114

21

135

-ve

59

7

66

+ve

54

17

71

+ve

17

24

41

Total

168

38

206

Total

76

31

107

-ve

76

28

104

-ve

97

11

108

+ve

64

30

94

+ve

32

63

95

Total

140

58

198

Total

129

74

203

-ve

117

30

147

-ve

96

7

103

+ve

32

30

62

+ve

21

40

61

Total

149

60

209

Total

117

47

164

doi:10.1371/journal.pone.0117313.t002
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Table 3. Apparent prevalences with 95% confidence interval per locality, sampling phase and test:
IFAT = indirect immunofluorescence test; DAT = direct agglutination test; PAR = parallel interpretation of the two test results; SER = serial interpretation of the two test results.

Tlemcen

Mostaganem

Tipaza

Boumerdes

Bejaia

Jijel

First round

Second round

IFAT

0.35 (0.28–0.42)

0.37 (0.28–0.46)

DAT

0.15 (0.10–0.21)

0.24 (0.16–0.32)

PAR

0.41 (0.34–0.49)

0.47 (0.38–0.56)

SER

0.09 (0.05–0.14)

0.13 (0.08–0.20)

IFAT

0.43 (0.35–0.52)

0.27 (0.21–0.35)

DAT

0.08 (0.04–0.14)

0.13 (0.08–0.19)

PAR

0.43 (0.35–0.52)

0.29 (0.22–0.36)

SER

0.08 (0.04–0.14)

0.11 (0.07–0.17)

IFAT

0.34 (0.28–0.40)

0.32 (0.26–0.39)

DAT

0.31 (0.25–0.37)

0.33 (0.27–0.40)

PAR

0.54 (0.47–0.61)

0.41 (0.34–0.48)

SER

0.11 (0.07–0.15)

0.24 (0.18–0.30)

IFAT

0.34 (0.28–0.41)

0.38 (0.29–0.48)

DAT

0.18 (0.13–0.24)

0.29 (0.21–0.39)

PAR

0.45 (0.38–0.52)

0.45 (0.35–0.55)

SER

0.08 (0.05–0.13)

0.22 (0.15–0.32)

IFAT

0.47 (0.40–0.55)

0.47 (0.40–0.54)

DAT

0.29 (0.23–0.36)

0.36 (0.30–0.43)

PAR

0.62 (0.54–0.68)

0.52 (0.45–0.59)

SER

0.15 (0.10–0.21)

0.31 (0.25–0.38)

IFAT

0.30 (0.24–0.36)

0.37 (0.30–0.45)

DAT

0.29 (0.23–0.35)

0.29 (0.22–0.36)

PAR

0.44 (0.37–0.51)

0.41 (0.34–0.49)

SER

0.14 (0.10–0.20)

0.24 (0.18–0.31)

doi:10.1371/journal.pone.0117313.t003

localities (Tlemcen and Mostaganem), but is higher during the second sampling round for the
four more eastern localities.
Indices of positive and negative agreement and their confidence intervals are shown in
Table 4: the overall index of positive agreement was 0.52 (95% CI: 0.48–0.55) and the overall
index of negative agreement was 0.79 (95% CI: 0.77–0.80).
Three trends are observed in the indices of agreement: (i) indices of negative agreement are
invariably higher than those of positive agreement, (ii) indices of agreement are higher during
the second sampling period than during the first period, (iii) there is an increase in indices of
positive agreement along the west-east transect.
The results of the Hui-Walter model are shown in Table 5 and Fig. 4. With the exception of
Tlemcen, Bayes-p values for all localities lie close to unity, indicating poor model fit. At Tlemcen, the pD value for the first period, calculated from the posterior means of the variable nodes
is markedly smaller than that calculated from the mean posterior probabilities, again indicating
lack of concordance between prior information and data [30]. The same lack of fit is observed
for the model, based on the grouped localities: the overall pD equals -14.1 and the Bayes-p values vary between 0.41 and 0.91.
The full model did result in a good fit (pD = 27.92, DIC = 234.52 and Bayes-p values between
0.47 and 0.72) and yielded significant covariances between specificities, whose posterior probability distributions did not include zero, indicating conditional dependence. The estimates obtained from this model are shown in Table 6 and Fig. 5. The results indicate an increase in
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Fig 2. Apparent prevalence per test per sampling period per locality. From top to bottom: IFAT first period; IFAT second period; DAT first period; DAT
second period.
doi:10.1371/journal.pone.0117313.g002

Fig 3. Apparent prevalence per locality. From top to bottom: only IFAT, only DAT, serial interpretation of the two test results and parallel interpretation of
the two test results.
doi:10.1371/journal.pone.0117313.g003
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Table 4. Concordance between IFAT and DAT: indices of positive agreement (IPA) and negative agreement (INA) and 95% confidence intervals.

Tlemcen
Mostaganem
Tipaza
Boumerdes
Bejaia
Jijel
Overall

First round

Second round

IPA

0.35 (0.23–0.48)

0.43 (0.29–0.57)

INA

0.78 (0.73–0.84)

0.81 (0.76–0.87)

IPA

0.32 (0.20–0.45)

0.56 (0.42–0.69)

INA

0.76 (0.69–0.82)

0.88 (0.84–0.92)

IPA

0.33 (0.24–0.43)

0.74 (0.63–0.80)

INA

0.68 (0.61–0.73)

0.87 (0.83–0.90)

IPA

0.31 (0.20–0.43)

0.67 (0.54–0.77)

INA

0.75 (0.70–0.80)

0.83 (0.76–0.89)

IPA

0.39 (0.30–0.49)

0.75 (0.67–0.81)

INA

0.62 (0.55–0.70)

0.81 (0.76–0.87)

IPA

0.49 (0.39–0.59)

0.74 (0.64–0.82)

INA

0.79 (0.73–0.83)

0.87 (0.82–0.91)

IPA

0.37 (0.33–0.42)

0.68 (0.64–0.72)

INA

0.73 (0.71–0.75)

0.85 (0.83–0.87)

doi:10.1371/journal.pone.0117313.t004

prevalence from west to east and an increase in prevalence from the first survey period to the
second, although credibility intervals overlap. Also noteworthy is the increase in IFAT specificity from the first survey period to the second, although the same remark about credibility
intervals applies.

Discussion
The apparent prevalence obtained with IFAT varied between 30% (Jijel) and 47% (Bejaia) during the first phase and from 27% (Mostaganem) to 47% (Bejaia) during the post-vectorial
phase, while the estimate with DAT was lower (8% at Mostaganem to 31% at Tipaza for the
first phase and 13% at Mostaganem to 36% at Bejaia during the second). These estimates lie towards the higher end of the range of results reported for other countries in the mediterranean
basin using IFAT: Tunisia 18-53% [33, 34]; Morocco 9-19% [35, 36]; Malaga (Spain) 35% [37];
western Liguria (Italy) 30% [38]; Corfu (Greece) 50% [39]. Results, obtained when using DAT,
ranged from 6% in Portugal [40] to 27% in Corsica [41] to 28% in Turkey with a 100% agreement with IFAT results [42].
Table 5. Estimates from the Hui-Walter model.
Locality

Pr1

Pr2

SeFAT

SpIFAT

SeDAT

SpDAT

Bayes-p

pD

DIC

Tlemcen

0.26

0.26

0.72

0.81

0.52

0.92

0.51, 0.56

0.49, 2.62 (2.13, 2.08)

17.6, 19.7 (19.3, 19.3)

Mostaganem

0.39

0.33

0.63

0.72

0.24

0.92

0.95, 0.89

-9.9, -28.7 (1.74, 2.45)

-4.5, 6.4 (20.9, 22.2)

Tipaza

0.27

0.38

0.32

0.57

0.33

0.59

0.98, 0.99

4.06,-56.12 (3.31, 3.09)

34.2, -16.1 (33.52, 40.73)

Boumerdes

0.11

0.27

0.83

0.73

0.80

0.88

0.58, 0.85

1.66, 2.48 (2.52, 1.99)

20.3, 22.5 (21.1, 22.0)

Bejaia

0.15

0.30

0.93

0.66

0.90

0.83

0.95, 0.99

1.58, 2.52 (2.48, 2.01)

28.3, 33.2 (29.1, 32.7)

Jijel

0.31

0.36

0.59

0.70

0.53

0.74

0.75, 0.97

-14.26, -44.69 (2.85, 2.04)

6.68, -18.03 (23.8, 28.7)

Pr1 = prevalence ﬁrst period; Pr2 = prevalence second period; SeIFAT = sensitivity IFAT; SpIFAT = speciﬁcity IFAT; SeDAT = sensitivity DAT; SpDAT =
speciﬁcity DAT; pD, DIC top line = values calculated from posterior values of variable nodes resp. for ﬁrst period and second period, (bottom line) = values
calculated from posterior probabilities
doi:10.1371/journal.pone.0117313.t005
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Fig 4. Canine Leishmania infection prevalence estimates according to the Hui-Walter model. Top prevalence is for first sampling period, bottom
for second.
doi:10.1371/journal.pone.0117313.g004

IFAT is recommended as a reference test (best available practicable method to determine
the animal’s true infection status) by the World Organization for Animal Health [11]. However, a study conducted in Algiers, Algerian capital and in the littoral zone [12], demonstrated
the variability of test characteristics (sensitivity and specificity) in different dog populations:
IFAT was highly sensitive in all types of dogs and very specific in stray dogs, but was shown to
be less specific in farm dogs, whereas DAT maintained a relatively high specificity in all groups.
Chaouch and colleagues [43] examined 75 dogs in Tunis, suspected of canL, and estimated the
IFAT sensitivity at 89% and the specificity at 45% (the authors also refer to cross-reactions
Table 6. Canine Leishmania infection true prevalence and diagnostic test characteristics estimated from the full conditional dependence model.
IFAT

DAT

Period

Locality

Prevalence

Sensitivity

Speciﬁcity

Sensitivity

Speciﬁcity

1

Tlemcen

0.13

a†

0.87

0.73

0.56

0.89

1

Mostaganem

0.11

a

0.88

0.65

0.57

0.95

1

Tipaza

0.20

ab

0.86

0.77

0.64

0.80

1

Boumerdes

0.12

a

0.87

0.73

0.56

0.85

1

Bejaia

0.33

c

0.86

0.72

0.54

0.82

1

Jijel

0.21

ab

0.86

0.85

0.65

0.82

2

Tlemcen

0.15

a

0.87

0.80

0.57

0.86

2

Mostaganem

0.12

a

0.87

0.80

0.59

0.91

2

Tipaza

0.27

bc

0.86

0.87

0.78

0.84

2

Boumerdes

0.27

bc

0.87

0.80

0.67

0.85

2

Bejaia

0.38

c

0.87

0.79

0.73

0.86

2

Jijel

0.27

bc

0.87

0.81

0.70

0.86

†

lines with the same letter are not different from one another

doi:10.1371/journal.pone.0117313.t006
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Fig 5. Canine Leishmania infection prevalence estimates according to full conditional test dependence model. Top prevalence is for first sampling
period, bottom for second.
doi:10.1371/journal.pone.0117313.g005

with Ehrlichia canis). Iniesta and colleagues [44] found a similar lack of specificity in IFAT, recording a very poor performance when having to discriminate between uninfected dogs and
asymptomatic infected ones.
Parallel interpretation of the two test results yielded high prevalence estimates, as expected:
41% (Tlemcen)—62% (Bejaia) for the first survey period and 29% (Mostaganem)—52% (Bejaia) for the second, compared to the estimated 12% in Algiers [12]. As explained by [18], parallel interpretation increases the sensitivity of the combined tests, but decreases the specificity.
Serial interpretation resulted in estimates of 8% (Mostaganem, Boumerdes) -15% (Bejaia) for
the first period and 11% (Mostaganem)—31% (Bejaia) for the second, more in line with the
earlier findings [12] and other countries: 33% in northern Spain [45] and 21% in north-eastern
Portugal [46], where the authors adopted a parallel/serial hybrid interpretation (utilize three or
four tests and consider an animal infected when at least two tests yield a positive result).
Different methods exist to estimating the sensitivity and specificity of diagnostic tests and
disease prevalence in the absence of a gold standard, see e.g. [47]; [30]; [48]. This situation is invariably characterized by an underspecified model and it must be appreciated that the posterior
estimates, resulting from these approaches, are always a combination of prior assumptions
(prior information, prior constraints) and the data at hand, i.e. the prior assumptions are an inherent part of the final estimates [49]. As long as the model can be expressed as a combination
of prior constraints and a model to describe the data, all approaches offer a methodology to assess the concordance between the prior information and the data within a Bayesian framework.
In this study, the choice was made for the statistics developed and used by [30].
The first group of prior assumptions concerns the conditional independence between the
tests: the probability that a truly infected dog tests positive in DAT is independent of the test
result for IFAT (and vice-versa) and the probability that a truly non-infected dogs tests negative in DAT is independent of the test result for IFAT (and vice versa). This constraint is used
by the so-called Hui-Walter approach. The results clearly showed that the data do not agree
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with this prior assumption (Table 5). For tests that measure similar biologic processes such as
serum antibody responses to infectious agents, it is logical to expect that test results will be dependent, conditional on the animal’s true status [50]. This is the case for IFAT and DAT that
both detect anti-Leishmania IgG [1].
When assuming conditional test dependence, but constant sensitivity and specificity within
the four geographic group ×period combinations (Tlemcen and Mostaganem on the one hand,
and Tipaza, Boumerdes, Bejaia and Jijel on the other ×resp. first and second period), the negative pD values also indicates a conflict between the prior assumptions (constancy of test characteristics within the group ×period combination) and the data.
Only the full model yields acceptable estimates, yielding correct pD, DIC and Bayes-p values.
The prevalence estimates lie between 11% (Mostaganem, first period) and 38% (Bejaia, second
period) (Table 6) and are in accordance with those obtained by [12] and are similar to the results obtained through the serial interpretation of the two test results (Table 3).
The results of the present study once more show that IFAT is far from a gold standard with
sensitivity varying (in function of locality) between 86% and 88% and specificity between 65%
and 87%. Rodriguez-Cortes and colleagues [51, 52] used an experimental infection with L. infantum as gold standard and obtained an estimated sensitivity of 63% (95% CI: 43-79%) and
an estimated specificity of 82% (95% CI:72-99%) for IFAT.
DAT showed a low sensitivity in the present study, but a consistently high specificity
(Table 6). In various studies involving dogs resident in areas endemic to VL, reviewed by [53],
DAT was found to have a sensitivity ranging between 70% and 100% and a specificity between
85% and 100%.
The prevalence estimated for the two westernmost localities (Tlemcen and Mostaganem)
does not exceed 15% and the highest values are found for Bejaia. The latter lies in the area of
Kabylie, which is one of the main agricultural areas of the country because of its higher rainfall.
In fact there is a general increasing trend in rainfall from west to east and a similar relationship
between rainfall and seropositivity in dogs has also been noticed in Greece [39]. A concordance
was also found between the present results and the incidence of human cases of visceral leishmaniasis, where a maximum was also recorded for Bejaia [16].
Sandflies (Phlebotomus spp.), the vectors of L. infantum in the mediterranean basin, are active during the warmer months of the year [54]. The present study thus involved sampling during two periods, one before the main vector season and one after. No difference was found
between the two sampling periods in the two westernmost localities (Tlemcen and Mostaganem) and some indication for an increase from the first to the second sampling stage, although
there was a considerable overlap between the posterior probability distributions. This finding is
in agreement with the results obtained by [54], who also did not find an effect of sandfly season
on the prevalence of L. infantum infection or parasite-specific immune responses.
On the other hand, a monthly serological follow up of antibody titres against L. infantum in
hunting dogs in southern Spain showed a significant increase in the percentage of dogs with titres >1/160: from 12.1% in April to 19.2% in October [55].
To the best of our knowledge, this is the first large-scale study of canL in Algeria. It confirms
the presence of CanL in several cities of the Algerian littoral from west to east and it demonstrates a concordance between the CanL prevalence and the incidence rate of the Human Visceral Leishmaniasis. It further highlights the perils when using IFAT as a gold standard for
CanL diagnosis.
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