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Abstract— Surra is one of the main disease problems in 

buffalo farms in East Sumba Island.  The control program of 

this disease requires the support of diagnostic methods that 

are reliable and cost-effective.  This study aimed to select the 

diagnostic method for surra based on the economic value of 

each diagnostic method, including parasitology tests (WBF), 

Micro-Hematocrit Centrifugation Technique (MHCT), Card 

Agglutination Trypanosome Test/T. evansi (CATT), and 

Polymerase Chain Reaction (PCR).  Data was collected from 

various sources including from survey of 30 buffalo farmers 

on East Sumba Island, Surra cases from the East Sumba 

Livestock Service Office, diagnostic test data from the 

Veterinary Research Institute, Indonesian Ministry of 

Agriculture and various supporting literatures.  The economic 

value of each diagnostic test was analyzed by the decision tree 

analysis model using WinQSB software. The results showed 

that the PCR method has the highest economic value of 

IDR781.3 million, and then followed sequentially by MHCT 

IDR.668.4 million, CATT / T. evansi IDR 505.5 million and 

WBF IDR 114.5 million.  Based on this study it is 

recommended to use PCR as a diagnostic test method in 

controlling Surra disease in buffaloes on East Sumba by 

considering its economic value.  

Keywords— economic, surra, decision tree analysis, 

diagnostic 

I. INTRODUCTION  

Surra is a disease in animals caused by Trypanosoma 

evansi (T. evansi).  The diseases attack livestock and wild 

animals such as cows, buffaloes, camels, horses, pigs, 

dogs, deers, and elephants.  The disease is transmitted 

through the bite of blood-sucking flies (Tabanus sp., 

Stomoxys sp.), wound contamination, contamination of 

medical/surgery equipment, sexual activities, and 

transplacental [1].  Surra occurs in several countries in 

Asia.  Seroprevalence of T. evansi in India reaches 19.6% 

[2], and 8.2% on dairy cattle in Thailand [3].  Cases of 

Surra in Philippines have increased dramatically causes 

highly deaths in horses, buffaloes, and cows.  Surra 

outbreaks in Indonesia occurs sporadically, especially in 

horses, buffaloes, cattle, pigs, and other animals.  The 

pathogenicity of the T. evansi from Asian strain is higher 

than African and American strains, especially in cattle [1]. 
 

Control of Surra is a main concern for the world in the 

context of protecting livestock production. The successful 

of Surra control program depends on the accurate detection 

and treatment methods of infected animal [1][4]. The 

method of diagnostic Surra is important aspects in Surra 

control program.  There are several diagnostic test methods 

for Surra with their respective advantages and 

disadvantages.  In general, identification of Surra was 

using parasitology tests (microscopic identification).  This 

technique is simple and inexpensive, but the sensitivity and 

specificity were very low.  This technique only effective in 

the acute phase when the level of parasitemia was high.  

Errors in detecting cases can delay treatment and has an 

impact on increasing morbidity and mortality in the animal 

population. Other Surra detection methods that are often 

used are Micro-Hematocrit Centrifugation (MHCT), 

serological tests and biomolecular techniques. These tests 

have a higher sensitivity than the parasitology test. 
 

Microscopic identification using the MHCT technique 

can significantly improve test sensitivity.  The serological 

method that is widely used is Card Agglutination 

Trypanosome Test /T. evansi (CATT/T. evansi) because of 

this method is quick and easy.  Molecular methods using 

Polymerase Chain Reaction (PCR) are also developed for 

detection and confirmation of cases.  This technique has 

been used by several countries in overcoming problems of 

conventional and serological techniques.  Surra diagnosis 

International Society for Economics and Social Sciences of Animal Health - South East Asia 2019 (ISESSAH-SEA 2019)

Copyright © 2019, the Authors. Published by Atlantis Press SARL. 
This is an open access article under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

Advances in Health Sciences Research, volume 19

115



requires at least two types of diagnostic methods to 

confirm the presence of T. evansi [5] [6].  Each of these 

tests has a different level of sensitivity. Test methods with 

a low level of sensitivity will cause a low ability to detect 

cases of infection.  In populations, animals that are infected 

sub-clinically can be a source of transmission (reservoir) if 

they cannot be detected.  Accurate diagnostic methods in 

the control program can help to stop the spread of Surra 

cases in the population. 

Economic aspects can be used as one of the 

considerations in selecting diagnostic methods other than 

technical aspects.  Economic aspect evaluation of 

laboratory testing has been widely carried out such as the 

use of PCR in the diagnosis of pulmonary tuberculosis [7] 

and for molecular diagnostic testing of tuberculosis 

resistance and rifampicin in Mycobacterium tuberculosis 

[8].  This study aimed to calculate the economic value of 

various surra diagnostic methods currently in use, 

including WBF, MHCT, CATT, and PCR to provide 

recommendations for the most effective and economical 

diagnostic methods in the field. 

 

II. MATERIALS AND METHODS 

A. Data collection 

The study used primary and secondary data. The 

primary data was about production decline due to Surra 

and the prices of livestock aspect.  The data collected by 

semi-structured interviews using questionnaires. A total 30 

farmer respondents selected from 5 subdistricts out of 19 

sub-districts with Surra cases by stratified random 

sampling. From each subdistrict was chosen 2–3 villages, 

and 2-4 farmers were selected from each village. 

Determination of samples was based on data from the East 

Sumba Livestock services. 
 

Secondary data collected includes data on costs of the 

test and prices of laboratory equipment, costs of operator 

for training and maintenance of the equipments.  Data 

obtained from the Bogor Veterinary Research Center and 

providers of laboratory equipments. 

B. Economic Evaluation 

The economic evaluation was calculated using the level 
of sensitivity of each diagnostic method.  The sensitivity of 
a test is the proportion of animals that are really infected in 
the population who also give positive results based on the 
test.  The level of sensitivity is used as a probability value to 
give positive results to animals that are actually infected.  
Thus a high level of sensitivity will cause infected animals 
(clinical and subclinical) which can be detected will 
increase.  The probability of an infected animal not being 
detected by a diagnostic method (false negative) is 100% 
minus the level of test sensitivity. 

 

The false negative probability is the possibility of the 
number of animals infected but not detected (sub-clinical) 
and not treated so that it has the potential to spread the 
disease in its population.  The probability of subclinical 
cases will die about 17.5% and as much as 50% will turn 
into clinical cases [9].  The probability of a clinical case 
turn to death is 25% and the remaining 75% is assumed to 

have a decrease in production (body weight). Based on this 
description an economic analysis framework was 
developed, as shown in Fig. 1. 

 

 Economic losses are obtained by multiplying the 
probability with the price of buffalo IDR 5,900,000.  To test 
the sensitivity of the results of economic analysis, a 
sensitivity analysis was carried out in this study using 
maximum and minimum buffalo price parameters (IDR 
5,400,000–6,400,000). 

 
*probability base on Dubson et al. (2009) 

Fig. 1. Framework economic analysis of Diagnostic method of Surra 

An economic evaluation of 4 types of Surra diagnostic 
methods that are often used in the field are WBF, MHCT, 
CATT/T. evansi, and PCR. Decision tree analysis was 
chosen as an evaluation method [7] [10].  Decision tree 
analysis can be used if there are several possible outcomes 
from several choices of actions, and probabilities are 
important factors to determine outcomes. The tree analysis 
method will give the best results with the highest economic 
value or called expected economic value (EMV). Economic 
calculations use the assumption of the number of samples 
1000 per year. The prevalence used for Surra was 15.3% 
[11].  The probability is obtained from the sensitivity values 
of each test based on the references as in Table 1.  

 

 Laboratory costs of each diagnostic method are 
calculated and compared. This costs consist of the cost of 
testing per sample, the cost of purchasing laboratory 
materials, the investment costs for PCR tools and 
microscopes, and the maintenance costs for the equipment 
per year. For laboratory methods that require special skills, 
operator training costs are added. Investment costs are 
calculated by the cost of the purchase divided by the time 
the device is used (10 years) (Table 1). 
 

 The decision tree analysis model shows the pathway for 
each possible outcome obtained from each diagnostic 
method.  Each pathway is equipped with a probability value 
and a resulting economic value.  The results of this analysis 
model can be used to decide the best diagnostic method 
based on the highest economic value.  The decision tree 
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analysis model was created using WinQSB software, with 
the input as shown in Tables 1 and 2. 

TABLE I PARAMETER FOR DECISION TREE ANALYSIS 

Parameter 
 

PCR CATT MHCT WBF 

Price of water 

buffaloes/animal (Rp) 9 000 0001 

    Sample number 1 000 

    Prevalence Surra 15.3%2 

    Estimated positive result 153 

    Test probability (%) 

(sensitivity)   93.83 604 69.65 13.86 

Laboratory cost (000)7   

    - 1000 sample (Rp)   412 196 16 000 5 000 5 000 

- Laboratory equipment 

depreciation per year 

   26 940    5 000 5 000 

- Maintenance 

 

10 000 

 

    500    500 

- Operator training   10 000 

   Source: 1farmers; 2[11]; 3,4,6[6]; 5[12]; 7supplier laboratory material 

TABLE II. INPUT FOR DECISION TREE ANALYSIS 

Criteria Formula 
Economic value (000) 

PCR(1) CATT(2) MHCT(3) WBF(4) 

Positive (Pn x J x H)-Cn 832 489 810 200 962 418 179 526 

False-negative (1-Pn) x J - - - - 

Death false negative  0.175 x AnNP x H 14 175 96 075 72 450 207 900 

Clinic false negative 0.5 x AnNP - - - - 

Subclinical false 

negative 
0.325 x nNP - - - - 

Death clinics false 

negative 
0.25 x AnNPK x H 11 250 69 750 51 750 148 500 

Production decline 

clinics false negative 
0.75 x AnNPK x PP 9 923 61 519 45 643 130 977 

 

III. RESULTS 

Since the first Surra outbreak at the end of 2010, East 
Sumba has not been back to free from this disease. The 
cases still sporadically occurs especially on horses and 
buffaloes. The control program needs to be evaluated to 
overcome this situation. Improving of the diagnostic 
method which more sensitive could be one step that can be 
applied. 

 

In addition to the technical aspects, economic aspects 

can be one of the considerations in determining of the 

diagnostic method against Surra. With simple and 

inexpensive considerations, so far the parasitology test is 

still used to detect surra even though the sensitivity and 

specificity are low.  In this study, the economic aspect is 

used as a consideration to determine the Surra diagnostic 

method. The economic value calculation of each method 

based on technical aspects, especially the value of 

sensitivity (Table 2).  
 

Decision making to choose the diagnostic method based 

on economic evaluation is done using a decision tree 

analysis model as shown in Fig. 2. Nodes 2,3 and 4 shown 

several alternative choices of diagnostic methods for surra 

with their economic value seen at the bottom of each of the 

nodule (red color). The percentage value as shown on each 

line is the probability as explained in Table 1. The best 

choice are found in red nodules with the highest economic 

value. 
 

The highest cost-effectiveness is in the PCR method, the 
expected monetary value is IDR 781.3 million followed by 

MHCT IDR 668.4 million. The lowest results on the WBF 
method, Rp. 114.5 million, while CATT/T. evansi gives an 
economic value of Rp.668.5 million. In the WBF method 
which has the lowest sensitivity, only 13.8% can detect sick 
animals (positive test) so that the economic value is very 
low. In the sensitivity test using the highest and lowest 
buffalo price parameters, giving the same results as the 
highest EMV sequence is PCR, MHCT, CATT/T. evansi 
and WBF (Table 3). 

TABLE III.   TABLE DATA SENSITIVITY 

Test methods  High price (IDR) Low price (IDR) 

PCR 565 877 100 942 948 800 
CATT 413 976 600 574 248 800 
MHCT 548 069 100 758 188 300 
WBF   98 528 600 129 931 800 

 

 

        * - A1(PCR); A2(CATT); A3(MHCT); A4(WBF) 

 - PR = Positive Result 

 - FN = False Negative 

 - DFN = Death False Negative 

 - CFN = Clinical False Negative 

 - SCFN = Subclinical False Negative 

 - DCFN = Death Clinical False Negative 

 - DPCFN = Decrease Production Clinical False Negative 

Fig. 2. Decision tree analysis for diagnostic methods of Surra  

        

IV. DISCUSSION 

 Detection of the presence of Trypanosoma in the blood 
has become the gold standard, but finding organisms in the 
blood is not easy, even in state of parasitemia and shows of 
clinical symptoms [13]. The benefits of a blood test are 
simple and inexpensive, and if Trypanosoma is found then 
the disease can be diagnosed on the spot.  The disadvantage 
of this diagnostic method is that swab samples taken to 
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veterinary laboratories will lose their mobility over a period 
of time and their sensitivity level will be limited to around 
10

4
 Trypanosomas per ml of blood.  The diagnostic test 

standard for T. evansi detection in Indonesia is a thin blood 
swab with the sensitivity of 10

5
 Trypanosoma/ml of blood.  

Therefore the sensitivity of parasite detection to be 
increased for example by using HCT with the sensitivity of 
85 Trypanosoma/ml [14]. The accuracy of the method is 
only 13.8%, which causes many positive animals 
undetected and untreated. They are potential as a reservoir 
or source of transmission in group of animals. 
 

The MHCT method usually use as the first test because 
this method is highly sensitive. If the result of MHCT 
shows negative then the test is continued with PCR method 
[15]. Serologic methods usually give better results than 
parasitological method. Technically, the CATT/T. evansi 
method has the advantage over parasitology method 
because it has a higher sensitivity value of around 60%. In 
addition, CATT / T. evansi is easy to carry out in the field 
and easy to apply even though reading the results requires 
experience. 

 

Another obstacle for this method is the availability of 

CATT/T. evansi is still very limited.  Evaluation of 

serological tests against Surra on buffaloes in Indonesia 

showed CATT /T. evansi gives the best results [16].  WHO 

also recommends the use of serological tests (micro-card 

agglutination test for Trypanosomosis) [17]. CATT/T. 

evansi detects Surra through the presence of 

immunoglobulin-M in the blood so that it can be used to 

detect in the early phase of infection. Whereas, ELISA is 

usually used for the detection of immunoglobulin-G [18].  

In choosing a test method, consideration should be given to 

the cost effectiveness and time availability because there is 

no serological testing method that gives 100% sensitivity 

[15]. 

Biomolecular methods have been widely used in 

detecting T. evansi, as it is known that PCR has a 93.8% 

sensitivity test [19][6][20].  With this method, in minutes 

DNA of the parasite will amplify so that the amount is 

sufficient to be detected depending on the primer used.  

Some primers can be used specifically for sub-species, 

types and even strains.  Comparative studies recommend 

TBR primer as the most sensitive primer for the detection 

of T. evansi [21] and the phenol-chloroform method is the 

most sensitive method for DNA isolation.  This method can 

detect at least 5-10 Trypanosomas per ml of blood or with 

low infection rate [21] [22].  

Molecular techniques such as PCR, in the case of latent 

infections, give promising results with a higher level of 

sensitivity and specificity and are very good when used for 

epidemiological studies of T. evansi infections [22].  This 

biomolecular technique has developed and is widely used 

in several countries to overcome the limitations of 

conventional and serological tests. But in diagnosis, Surra 

requires at least two diagnostic tests to confirm the 

presence of T. evansi in the infected animals [5][6].  In 

determining of the status of Surra-free areas, the CATT 

serial test is recommended, and or followed by retest the 

sampel, preferably when equipped with PCR [23]. 

Since the first Surra outbreak in 2010, East Sumba has 

not been free from Surra, the East Sumba government must 

make some improvements in the Surra control including 

the diagnostic methods used.  Although there are several 

alternative diagnostic methods for Surra, it is 

recommended to use the PCR method in addition to the 

parasitological method in the survey and control program, 

especially for diagnosing cases [24]. The most sensitive 

method for giving the highest economic value is PCR.  The 

diagnostic method that requires high investment costs turns 

out to be the most economical diagnostic method because it 

provides more benefits (cost-effectiveness) so it is feasible 

to use. 

Based on the assumption of 1000 samples taken and the 

prevalence of Surra in East Sumba 15.3% (153 positive 

samples).  Each test method can detect case positive Surra 

according to the sensitivity level of each method.  If the 

sensitivity is 100%, the test method is expected to detect 

153 positive cases.  PCR with a sensitivity value of 93.8% 

will only be able to detect 93.8% of 153 infected animals, 

while the rest are false negatives.  As shown in Figure 1, 

undetected infected animals (false negatives) have the 

potential to become clinical cases or die.  

The number of undetectable sick animals is 66 animals 

(WBF), 24 animals (MHCT), 31 animals (CATT/T. evansi) 

and PCR 4 animals.  These values indicate the number of 

animals that can be reservoirs that spread disease. The 

higher of the reservoirs number, the higher of the Surra 

transmission risk and the greater the potential economic 

losses caused.  

Based onthe study that one infected animal in a group 

of 100 healthy animals could spread infection throughout 

the group within 12 weeks with 50 insects/ animals/day. If 

we use the experiment as an illustration of disease 

transmission, the highest loss occurs when using the WBF 

test, 66 undetected animals will cause 6600 livestock to be 

infected with Surra within 12 weeks, while the smallest 

loss using PCR is only 6 animals that have the potential to 

infect Surra [25]. 

The use of appropriate testing methods can reduce the 

number of sick animals by providing treatment to animals 

that are sick and can reduce the number of reservoirs in 

groups of livestock. The use of testing methods that require 

high investment and expensive materials is more 

economical because it reduces losses due to disease. 

 

V. CONCLUSION 

The economic evaluation using the decision tree model 

showed PCR method had the highest expected economic 

value (EMV) in total Rp781.3 million followed by MHCT 

with total Rp.668.4 million and CATT / T. evansi with total 

Rp. 505.5 million. The WBF has the lowest EMV with a 

total of Rp.114.5 million. PCR is recommended to be the 

main diagnostic method for the Surra case based on 

economic value. 
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