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The control of infection with gastrointestinal nematodes
(GINs) is largely based on preventive or therapeutic use of
anthelmintic drugs. The frequent use of anthelmintics
particularly during climatic extremes (Swarnkar and Singh
2010) exerted higher selection pressure for resistance in
GINs due to nil or low level of refugia (Sotomaior et al.
2012, Swarnkar and Singh 2012, Swarnkar et al. 2012).
Thus, the global problem of anthelmintic resistance in GINs,
ensures that attention also needs to be given to the
sustainability of anthelmintic treatment regimes as well as
to their immediate economic benefit (Cringoli et al. 2008).
The over-dispersion in faecal egg counts in the flocks (Singh
and Swarnkar 2010) suggested that targeted and selective
treatments of individual animals are the possibilities to
reduce frequency of anthelmintic treatment and to maximise
GIN populations in refugia (Soulsby 2007). There is
currently a general agreement to replace the practice of
treating the whole flock with targeted selective treatments
(TST), where only animals showing clinical symptoms or
reduced productivity are the given drugs (Vercruysse et al.
2009).
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ABSTRACT

An eye color chart for screening the flock for anaemic sheep was developed and is in use since 2008 in organized
farms in arid Rajasthan. In present analysis its accuracy (sensitivity and specificity) was analyzed in identifying
anaemic sheep (PCV <18 or <22) and to quantify the proportion of sheep left untreated when using it for management
of Haemonchus contortus. A linear trend was observed in proportion of true positives and level of FECs in all the
seasons at both the PCV cut-off values. The percentage of correct treatment was maximum (71.3 to 83.4%) with
moderate kappa index in individuals with intensity of infection >3001 epg. An inverse relation exists between
sensitivity and specificity of the TST system. Based on criteria, the overall sensitivity of TST system ranged from
22.9% (criteria as FEC <1000 epg and PCV <18) to 90.1% (criteria as FEC >3001 epg and PCV <22). In visually
anaemic animals, the sensitivity was lower when PCV cut-off <18% was considered positive test results. In highly
infected animals, the sensitivity of TST system remained >85% during both monsoon season and winter. The
overall specificity varied from 20.0 (criteria as FEC >3001 epg and PCV <22) to 81.5% (criteria as FEC <1,000
epg and PCV <18). Thus it appears that in sheep flocks predominantly infected with H. contortus, the application
of the TST system as a guidance for the administration of anthelmintic drugs can be an important tool in management
of GINs in Rajasthan.

Key words: Anaemia, Eye colour chart, Haemonchus contortus, Sensitivity, Sheep, Specificity,
Targeted selective treatment

H. contortus worm burden has high positive correlation
with the level of anaemia (Le Jambre 1995). Using this
pathognomic clinical sign, an eye color chart based on
FAMACHA (Malan et al. 2001, van Wyk and Bath 2002)
principal was developed at Central Sheep and Wool
Research Institute, Avikanagar (Rajasthan) and being
employed since 2008 in organized farms in arid region
(Singh and Swarnkar 2012). The present analysis was done
to test the accuracy (sensitivity and specificity) of the eye
color chart in identifying anaemic sheep (PCV <18 or <22)
and to quantify the proportion of sheep at farm level left
untreated when using the chart for management of H.
contortus.

MATERIALS AND METHODS

The study was carried out from July 2008 to March 2014
at Sheep Breeding Farm, Fethepur and from July 2011 to
October 2012 at Arid Region Campus, Central Sheep and
Wool Research Institute, Bikaner. At monthly interval from
July to March each year, all the Marwari and crossbred
sheep (> 3 months of age, with average number of 207 -
485 / month / year) were categorized for conjunctiva colour
using eye colour chart (Singh and Swarnkar 2012) in 5
categories as 1- red (non-anaemic), 2- red-pink (non-
anaemic), 3- pink (mild anaemic), 4- pink-white (anaemic)
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and 5- white (severely anaemic). The faecal and blood
samples were collected from sheep of category 4 and 5 and
estimated intensity of strongyle infection (faecal egg count,
FEC) by modified Mc Master technique (MAFF 1986) and
packed cell volume (PCV) by standard procedure (Schalm
et al. 1975), respectively.

For the calculation of sensitivity and specificity of TST
system, FECs were used to check the adequacy of the TST
scoring regarding egg excretion with the 3 cut-off values
<1,000, 1,001–3,000 and >3,001 epg. Similarly, anaemia
was measured by PCV as the gold standard and 2 cut-off
values for PCV (<18% and <22%, respectively) were
assigned as no precise value for PCV has been clearly
established at which anaemia crosses the threshold of
clinical importance. The accuracy of TST system was
estimated (Vatta et al. 2001, Thrusfield 2005) as follows:

Sensitivity = {True positives / (True positives + False negatives)} × 100
Specificity = {True negatives / (True negatives + False positives)} × 100
PVP = {True positives / (True positives + False positives)} × 100
PVN = {true negatives / (True negatives + False negatives)} × 100

Among anaemic animals, kappa (k) values were
calculated to establish the association between FECs and
PCV and agreements were ranked as very good (k= >0.80),
good (k= 0.61–0.80), moderate (k=0.41–0.60), fair (k=0.21–
0.40) and poor (k=<0.20) as per Altman et al. (2000).

RESULTS AND DISCUSSION

On screening for conjunctiva color, under natural GIN
infection (predominantly H. contortus), the monthly pattern
for frequency distribution (Table 1) of sheep in flock showed
an overall proportion of visually anaemic animals to the
tune of 2.33% with maximum (2.88%) during monsoon
followed by 2.33% during winter and minimum (1.32%)
during spring season. Relatively higher numbers of anaemic
sheep were identified from July to October. The low
frequency of anaemic sheep in present study might be due
to fact that flocks were maintained in good plane of nutrition
which play a key role in immunity and resilience to GINs
(Knox et al. 2006).

A linear trend was observed in proportion of true
positives and level of FECs in all the seasons at both the
PCV cut-off values. On classification of visually anaemic
animals as per magnitude of intensity of strongyle infection,
it was observed that percentage of correct treatment was
maximum (71.3 to 83.4%) in individuals with intensity of
infection >3,001 epg and it remained >65% in all the seasons
(Table 2). In the present study, the kappa index indicated
poor (criteria as FEC <1,000 epg) to moderate (criteria as
FEC >3,001 epg) agreement between FECs and PCV in
visually anaemic sheep. The proportions of false negatives
were <10% with both PCV cut-off in sheep possessing FEC
>3,001 epg (Table 2). A higher percentage of false negative
and especially false positive scores with a considerably
lower kappa value indicated that the TST scores were less
accurate in animal with FECs <1,000 epg compared to FECs
>3,001 epg. Therefore the lower accuracy for FECs <1,000

epg group did not lead to a higher risk of nematode related
losses, but meant that more treatments than considered
necessary were given. Ejlertsen et al. (2006) observed 0.7–
1.6% false negative and 9.7–21.4% false positive scorings
with anaemia chart in goats in Kenya.

An inverse relation was observed between sensitivity
and specificity of the TST system (Table 3). The overall
sensitivity of TST system ranged from 22.9% (criteria as
FEC <1,000 epg and PCV <18) to 90.1% (criteria as FEC
>3,001 epg and PCV <22). In highly infected animals, the
sensitivity of TST system remained >85% during both
monsoon season and winter. In visually anaemic animals,
the sensitivity was lower when PCV cut-off <18% was
considered positive test results. Under these conditions,
however, the specificity of the results was higher. A high
sensitivity of a clinical test is more important than high
specificity (Sotomaior et al. 2012). When selecting the
optimal cut-off for a positive test result there is normally a
trade-off between minimizing the number of false-positive
and the number of false-negative results. In TST system, a
false-negative result means that an animal is in danger of
dying because it is not treated, while a false-positive result
means that an animal was treated without being in danger
of dying. A low number of false-negative results are
therefore preferred over a low number of false-positive
results, since the first is much more acceptable (van Wyk
et al. 2006). This is seen from the perspective that the aim
of reducing the proportion of treated animals most likely
still will be fulfilled compared to the practice of treating
entire flocks at the same time and the cost of treatment is
relatively low (Singh and Swarnkar 2012).

The overall specificity varied from 20.0% (criteria as
FEC >3001 epg and PCV <22) to 81.5% (criteria as FEC
<1,000 epg and PCV <18). Similarly, on perusal of earlier
studies on FAMACHA© system, different percentage of

Table 1. Frequency (%) distribution for different categories of
conjunctiva color in sheep

Factor Number of TST categories
observations 1 2 3 4 5

Overall 24,403 4.09 24.94 68.64 2.07 0.26
Seasons

Monsoon 10,094 4.18 24.58 68.36 2.48 0.4
Winter 7,856 4.05 24.07 69.35 2.13 0.2
Spring 5,453 4.00 26.87 67.82 1.25 0.07

Months
July 3,201 2.91 27.21 67.38 2.16 0.34
August 3,357 5.03 23.01 69.33 2.29 0.34
September 3,356 4.50 23.71 68.30 2.98 0.51
October 3,398 4.09 23.81 69.63 2.21 0.26
November 2,326 4.51 24.29 68.97 2.06 0.17
December 2,132 3.47 24.25 70.08 2.06 0.14
January 1,570 3.69 23.89 71.4 1.02 0.00
February 1,905 4.25 29.29 65.36 1.00 00.1
March 1,978 3.99 26.90 67.34 1.67 00.1

Monsoon: July-September; winter: October-December; spring:
January-March.
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Table 3. Quality of TST system judged by FECs with three cut-offs and by PCV with two cut-offs in visually anaemic sheep
naturally infected with GIN (predominantly with H. contortus)

Parameters Cut-off criteria

FEC <1000 epg FEC 1001-3000 epg FEC >3001 epg

PCV <18 PCV <22 PCV <18 PCV <22 PCV <18 PCV <22

Sensitivity (%)
Overall 22.9 27.5 38.5 31.3 88.8 90.1
Monsoon 20.6 28.9 52.9 33.3 87.3 87.2
Winter 22.2 19.2 18.8 20.3 92.9 96.2
Spring 30.8 43.3 50.0 50.0 66.7 66.7

Specificity (%)
Overall 81.5 79.7 73.7 61.5 22 20
Monsoon 82.5 73.2 77.3 57.1 18.5 25
Winter 88.5 87.5 72.7 66.7 28.6 0
Spring 61.5 87.5 72.7 66.7 0 0

PVP (%)
Overall 35.8 77.9 60.0 80.0 76.3 91.4
Monsoon 29.2 70.3 64.3 78.6 73.8 89.3
Winter 53.3 82.4 50.0 83.3 79.6 94.4
Spring 28.6 92.9 60.0 80.0 100 100

PVN (%)
Overall 70.1 29.6 53.8 15.4 40.9 17.6
Monsoon 74.8 31.9 68.0 16 35.7 21.4
Winter 65.9 26.3 38.1 9.5 57.1 0.0
Spring 64.0 32.0 50.0 33.3 0.0 0.0

Table 2. Results (%) of TST based on different criteria of evaluation in anaemic sheep

Criteria (cut-off) Season (n) False False True True Correct

FEC (epg) PCV (%) negative positive negative positive treatment

<1000 <18 Overall (267) 24.0 12.7 56.2 7.1 63.3
Monsoon (131) 20.6 13 61.1 5.3 66.4

(k value = 0.000) Winter (97) 28.9 7.2 55.7 8.2 63.9
Spring (39) 23.1 25.6 41 10.3 51.3

<22 Overall (267) 52.4 5.6 22.1 19.9 42.0
Monsoon (131) 48.9 8.4 22.9 19.8 42.7
Winter (97) 60.8 3.1 21.6 14.4 36.1
Spring (39) 43.6 2.6 20.5 33.3 53.8

1001-3000 <18 Overall (77) 31.2 13 36.4 19.4 55.8
Monsoon (39) 20.5 12.8 43.6 23.1 66.7

(k value = 0.324) Winter (27) 48.1 11.1 29.6 11.1 40.7
Spring (11) 27.3 18.2 27.3 27.3 54.6

<22 Overall (77) 57.1 6.5 10.4 26.0 36.4
Monsoon (39) 53.8 7.7 10.3 28.2 38.5
Winter (27) 70.4 3.7 7.4 18.5 25.9
Spring (11) 36.4 9.1 18.2 36.4 54.6

>3001 <18 Overall (157) 8.3 20.4 5.7 65.6 71.3
Monsoon (98) 9.2 22.4 5.1 63.3 68.4

(k value = 0.554) Winter (56) 5.4 17.9 7.1 69.6 76.8
Spring (3) 33.3 0.0 0.0 66.7 66.7

<22 Overall (157) 8.9 7.6 1.9 81.5 83.4
Monsoon (98) 11.2 9.2 3.1 76.5 79.6
Winter (56) 3.6 5.4 0.0 91.1 91.1
Spring (3) 33.3 0.0 0.0 66.7 66.7

(Correct treatment = true negative + true positive).
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sensitivity (70–100%) and specificity were found depending
on the criteria employed, management system, evaluator’s
experience and prevalence of anaemic animals in flock
(Reynecke et al. 2011, Sotomaior et al. 2012). The
sensitivity increased with both PCV cut-off as the intensity
of infection increases, indicating that it may reach 100%
and the number of false negatives could drop to zero if a
PCV of <18 or <22% with intensity of infection >3000 is
considered as the cut-off level in anaemic animals are
considered positive. Using FAMACHA category and PCV
as criteria, Kaplan et al. (2004) reported higher sensitivity
with PCV <15% with FAMACHA categories 3–5 and
recommended these animals for routine treatment. In the
present study, the number of false positive was relatively
higher when PCV cut-off was <18% in all the infection
levels, further indicating that by keeping PCV cut-off <18%,
7–8% animals were additionally drenched compared to PCV
cut-off <22%, thereby reducing chance of any further
complication in flock.

From the present study it appeared that in sheep flocks
predominantly infected with H. contortus, the application
of the TST system as a guidance for the administration of
anthelmintic drugs can be an important tool in management
of GINs in Rajasthan. Here, a simple checking of the
conjunctiva color according to the TST system could prevent
heavy infections and even from production and mortality
losses in addition to significant reduction in use of
anthelmintics.
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