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Small ruminant production is significantly constrained by gastrointestinal parasites once they cause
serious production and economic losses for both small-scale and large-scale farmers in the developing
world. The control of helminth parasites is most exclusively based on the use of anthelmintics for the
economic production of ruminants. However, the resistance of nematodes to the commonly used
groups of anthelmintics represents a threat to the production, particularly for small ruminants. The
objective of this study was to assess the efficacy of albendazole, the most frequently used anthelmintic
in Gaza and Maputo provinces in the southern region of Mozambique, in gastrointestinal nematodes of
goats between November and December, 2016. Eleven goat farms in Gaza (n = 5) and Maputo (n = 6)
were surveyed. The faecal egg count reduction test was used to assess the efficacy of the drug. The
flocks were considered resistant when the reduction in eggs per gram of faeces was less than 95% and
the lower limit of the confidence interval was less than 90%. Resistance to albendazole was detected in
60% (3/5) of the farms in Gaza province and 83.3% (5/6) of the farms in Maputo province. The
percentage of faecal egg count reduction varied from 51 to 97% in Maputo and from 0 to 100% in Gaza
in the farms surveyed. In pre-treatment coprocultures, Haemonchus spp., Oesophagostomum spp. and
Trichostrongylus spp. were the predominant nematode species. Post-treatment larval cultures indicated
that Haemonchus spp. and, to a lesser extent, Oesophagostomum spp. and Trichostrongylus spp., were
resistant to albendazole. This study provided further evidence that anthelmintic resistance of
gastrointestinal nematode parasites in goats is currently a problem of great significance in this region
of the country and that appropriate measures must be taken to reverse the situation.
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INTRODUCTION

Small ruminants make important contributions to human the approximately 1 billion populations of goats in the
livelihoods in developing countries. In 2012, about 30% of world were located in Africa (FAO, 2015; reviewed by



Zvinorova et al., 2016). Gastrointestinal nematode infections
of ruminant livestock cause major problems for both small-
scale and large-scale farmers in the developing world, with a
major impact in sub-Saharan Africa (Sissay et al., 2007;
Hussain, et al., 2014; Preston et al., 2014; Pawar et al.,
2017; Shija et al., 2014; Singh et al, 2017a; Wondimu and
Gutu, 2017), including Mozambique with its tropical and sub-
tropical areas where favourable climates for the survival and
development of gastrointestinal nematodes prevail (Akkari et
al., 2013; Shija et al., 2014). Haemonchus spp. are highly
pathogenic and economically important gastrointestinal
parasites affecting ruminants across the world (Chaudhry et
al., 2015; Zvinorova et al., 2016). The control of helminth
parasites is often essential for the economic production of
animals, especially small ruminants. Current control
measures rely heavily upon the use of anthelmintic drugs
(Gaba et al, 2012; McArthur and Reinemeyer, 2014).
However, the ability of parasites to develop quickly
resistance to these drugs is spreading globally (Preston et
al., 2014). Anthelmintic resistance is a globally threatening
problem to sustainable livestock industry and production
(Kenyon et al., 2013; Shalaby, 2013; Chaudhry et al., 2015;
Singh et al.,, 2017b). A strain of Haemonchus contortus
resistant to all classes of anthelmintics has been reported to
have developed in South Africa, a neighbouring country of
Mozambique, probably because of frequent use of
anthelmintics and inappropriate dosage (Van Wyk et al.,
1997). Shalaby (2013) stated also that the factors
considered most significant in the development of
anthelmintic resistance have been the excessive frequency
of treatments and administration of inadequate anthelmintic
doses.

Given that the use of anthelmintics is required for an
efficient and sustainable control of helminth parasites, the
knowledge of the levels of resistance to the drugs
commonly used will lead to the implementation of
adequate zoo technical management practices to mitigate
the spread of anthelmintic resistance. The objective of
this study, therefore, was to assess the efficacy of
albendazole, the most frequently used anthelmintic,
through the faecal egg count reduction test, in goats in
Maputo and Gaza provinces, two of the 11 provinces of
Mozambique.

MATERIALS AND METHODS
Study locations and animals

The study was carried out between November and December 2016,
in seven districts of the southern region of Mozambique, namely,
Xai-Xai (farms G1 and G2), Chibuto (farms G3 and G4) and
Choékwe (farm G5) in Gaza province, and in Magude (farm G6),
Namaacha (farm G7), Boane (farms G8 and G9) and Moamba
(farms G10 and G11) in Maputo province. Mozambique is located
on the eastern coast of Africa, between Latitudes 10° 20' S and 26°
50" S. The study areas were located between Latitudes 24° 38' S
and 26° 02' S, and between Longitudes 33° 39' E and 32° 07' E

(Figure 1). The study areas were characterized by a tropical dry
climate influenced by the motions of the Indian Ocean, with a hot
rainy season from October to March and a cool dry season from
April to September. The average maximum temperature is 30°C in
January/February, with a maximum of 43°C in January, and the
minimum average temperature is 15°C in June/July. The mean
maximum precipitation is 152 mm in January, and the minimum
average precipitation is 10 mm in June/August (Diniz et al., 2012).

Eleven farms, five in Gaza province and six in Maputo province
comprising 1,040 goats, were selected. The number of goats in
each of the flocks varied from 26 to 180 animals, and three flocks,
two in Gaza (G1 and G3) and one in Maputo (G8), were kept
extensively on communal grazing without supplementation
throughout the year. The rest of the flocks were kept semi-
intensively on private delimited pasture areas with supplementation
during the dry season. For the study purpose, only 26 to 30 goats
were randomly allocated to two groups of 13 to 15 animals in each
flock; thus, a total of 355 goats were surveyed. In order to assess
the profile of the zoo technical management systems, a
questionnaire was administered to the owners or managers of the
farms.

Faecal examination

Faecal collection was done directly from the animals” rectal bulb in
order to avoid contamination, and the samples were kept cooled in
Coleman thermoelectric cooler until the determination of the eggs
per gram of faeces (EPG) was performed at the Central Veterinary
Laboratory, Animal Sciences Directorate of the Agricultural
Research Institute of Mozambique (IIAM) in Maputo province, and
at the Provincial Veterinary Laboratory in Gaza province,
respectively.

Reinecke"s (1961) modification of the McMaster technique was
used for the quantitative determination of nematode eggs in the
faecal samples. The number of nematode EPG was calculated
using the formula: EPG = Te1 + Te2 x 100, where Tez1 is the number
of eggs in chamber 1 and Tez is the number of eggs in chamber 2
of the McMaster slide (Ueno and Gongalves, 1998).

One hundred larvae per culture were identified (Gupta and Singla
2012), unless there were fewer than 100 in which case all were
identified, using the descriptions of Georgi et al. (1985) and Ueno
and Gongalves (1998).

Determining anthelmintic resistance

The efficacy of oral suspensions of albendazole (5 mg/kg body
weight; Albenol-100®, Interchemie, Holland), which is frequently
used in Mozambique, was assessed using the faecal egg count
reduction test (FECRT). The latter was performed according to the
methods recommended by the World Association for the
Advancement of Veterinary Parasitology (Coles et al., 1992),
described and updated by Coles et al.(2006) and interpreted using
RESO " to determine anthelmintic resistance.

Once a flock was selected, 26 to 30 goats were randomly
allocated to two groups of 13 to 15 animals each, identified with
coded ear tags, and weighed. On each of the 11 farms, an
untreated control group was formed to monitor the changes in the
nematode egg counts during the test period and a treated group
that received oral administration of albendazole (5 mg/kg body
weight). Individual faecal egg counts and pooled larval cultures
were performed from samples collected on the day of treatment and
14 days after the anthelmintic treatment.

Goats with less than 100 nematode EPG in their pre-treatment
samples and those with missing values for either the pre- or post-
treatment EPG were excluded from the analyses.
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Figure 1. Map of Mozambique indicating the study locations, namely Xai-Xia (G1;G2) and Chokwe (G5) districts in Gaza province and
Magude (G6), Namaacha (G7), Boane (G8;G9) and Moamba (G10;G11) districts in Maputo province.

The percentage faecal egg count reduction (%FECR) was
calculated, as 100 x (1 - T2/C2), where T2 was the mean egg count
of the treated group at day 14, and C2 was the mean EPG count of
the untreated control group 14 days after treatment. The flocks
were considered resistant when the EPG reduction percentage was
less than 95% and the Cls lower limit was less than 90%. They
were considered suspicious if the flock only complied with some of
the aforementioned criteria. Flocks that did not comply with any of
the required criteria were considered susceptible (Coles et al.,
1992, 2006; Canul-Ku et al., 2012).

Statistical analysis

The Pearson"s Chi-square test was performed to check for possible
differences between the animals surveyed with reference to an
association between EPG and factors such as age, sex, and goat
breeds. The comparison of susceptibility and resistance of
gastrointestinal nematodes to albendazole between farms relating
to the frequency of anthelmintic use, grazing system, location at
provincial, district, and locality levels was also performed using the
Pearson“s Chi-square test with 95% confidence interval (Cl). All
statistical analyses were performed using SPSS version 21, and p <
0.05 was considered significant.

RESULTS
Questionnaire

The analysis of the zoo technical management infor-mation
as per the questionnaire administered indicated that the
main objective in all of the flocks (100%) was to produce
goat meat. The animals were kept either in communal or
private pastures during day hours and shared the pastures
with cattle and/or sheep. The animals were reared under
extensive systems in communal pastures during the day and
kept in corrals at night in 27.3% of the farms (flocks G1 and
G3 in Gaza and flock G7 in Maputo). In the rest of the flocks
(72.7%), goats

were reared under semi-intensive systems in private
pastures and kept in cement or metal slabs at night.

Drenching of animals with anthelmintics was based on
visual estimative weight in 90.9% (10/11) of the farms
except in flock G7 in Maputo, where animals were
weighed to determine the adequate anthelmintic dosage.
In 81.8% (9/11) of the farms, all animals were drenched
with anthelmintics on each occasion, and no EPG tests
were performed to decide which animals should be
drenched in all farms. Anthelmintics were chosen without
any criteria, no drug combination was used, and no
quarantine was undertaken in case of acquiring animals
from other countries or from other locations within the
country in all the studied farms. The data from the
guestionnaire indicated also that most of the farms had
poor management practices, including inadequate
disease control measures, inadequate nutrition during the
dry season, and face disease challenges, mainly
gastrointestinal parasitism.

Faecal egg counts, percentage faecal egg count
reduction, statistical analysis, and larval cultures

The arithmetic means of the faecal egg counts before and
after treatment for each of the eleven flocks surveyed in
Gaza and Maputo provinces and the %FECR are
presented in Tables 1 and 2, respectively. According to
Coles et al. (1992), flocks are considered resistant when
%FECR is less than 95. Resistance to albendazole was
detected in 60% (3/5) of the farms in Gaza and 83.3%
(5/6) of the farms in Maputo. The %FECR varied from 0
to 100% in Gaza and from 51 to 97% in Maputo.

Possible differences between the animals surveyed
with reference to the EPG and factors such as age, sex
and goat breeds were assessed using the Pearson“s Chi-
square test. No statistical difference was found between



Table 1. The arithmetic means of faecal nematode egg counts before and after treatment and %FECR of five farms (G1 to G5) in Gaza

province.
Control Albendazole
Farm Before After Before After %
no. No. of goats No. of goats FECR
treatment treatment treatment treatment
G1 12 425 567 10 560 20 96
G2 13 846 1885 14 707 593 OrR
G3 12 658 1092 11 786 0 108
G4 11 355 500 12 708 375 34H
G5 11 1345 1218 13 1138 577 0
R, Resistant.

Table 2. The arithmetic means of faecal nematode egg counts before and after treatment and %FECR of six farms (G6 to G11) in Maputo

province.
Control Albendazole
Farm %
No. of Before After No. of Before After
no. FECR
goats treatment treatment goats treatment treatment
G6 12 417 500 12 492 183 68 "
R
G7 11 391 245 13 400 108 81
G8 11 245 245 11 209 18 9R7
G9 12 908 2025 14 886 279 51H
G10 10 250 360 11 218 182 68H
G11 10 240 290 10 580 160 72
R, Resistant.

Table 3. The percentages of gastrointestinal nematode species found in pre-treatment and post-treatment larval cultures on five flocks tested

in Gaza province.

Haemonchus spp. (%)

Oesophagostomum spp. (%)

Trichostrongylus spp. (%)  Strongyloides spp. (%)

Farm
no. Pre- Post- Pre- Post- Pre- Post- Pre- Post-
treatment treatment treatment treatment treatment treatment treatment treatment
Gl 37 0 4 0 59 0 0 0
G2 40 84 26 1 31 6 3 9
G3 65 0 24 0 6 0 5 0
G4 95 100 1 0 2 0 2 0
G5 88 100 10 0 0 0 2 0

the animals surveyed in terms of an association between
EPG and all analysed factors (p>0.05).

In the pre-treatment larval cultures, Haemonchus spp.
(37 to 95% in Gaza and 19 to 100% in Maputo) and
Oesophagostomum spp. (up to 26%) were the
predominant nematode species, while Trichostrongylus
spp. And Strongyloides spp. (except flock G9) were
present in small numbers, except in two flocks (G1 and
G2) in Gaza province where Trichostrongylus spp.
appeared in large numbers (31 and 59%) as indicated in
Tables 3 and 4. Post-treatment faecal cultures indicated
that Haemonchus spp., and to a lesser extent

Oesophagostomum spp. and Trichostrongylus spp., were
resistant to albendazole. However, Strongyloides spp.
appeared in large numbers in the post-treatment larval
cultures of three flocks, one in Gaza (G2) and two in
Maputo (G7 and G9).

DISCUSSION

The present study demonstrated that goats from all the
flocks surveyed in seven districts of Gaza and Maputo
provinces were infected with gastrointestinal nematodes,



Table 4. The percentages of gastrointestinal nematode species found in pre-treatment and post-treatment larval cultures on four of the six

flocks tested in Maputo province.

Haemonchus spp. (%)

Oesophagostomum spp. (%)

Trichostrongylus spp. (%) Strongyloides spp. (%)

Farm

No Pre- Post- Pre- Post- Pre- Post- Pre- Post-

) treatment treatment treatment treatment treatment treatment treatment treatment

G6 58 50 26 50 0 0 16 0

G7 88 100 8 0 4 0 0 9

Gs * * * * * * * *

G9 19 7.5 2 0 2 0 79 92.5
G10 100 100 0 0 0 0 0 0
Gll * * * * * * * *

*The larvae collected from coprocultures of the two flocks were reserved for molecular diagnostics since the numbers of larvae were too small.

and eight of the flocks were considered resistant to
albendazole.

Knowledge about the species of the gastrointestinal
nematodes present and the anthelmintic resistance status
of the farms is important for performing control and
treatment strategies, and to identify where alternative
control measures should be used (Burgess et al., 2012).
Laboratory analyses should include knowledge on the
reality in the field to make the application of intervention
strategies feasible for the farmers (Salgado and Santos,
2016). The faecal egg counts are the most used in vivo
techniques for detecting infections by nematode
parasites, and they help farmers decide when and
whether or not to drench animals (Lira, 2005). The chief
method for the detection of resistance remains the
FECRT, which can be used for all anthelmintic groups.
The FECRT estimates anthelmintic efficacy of one or
more drugs by comparing the faecal egg counts of
animals at the time of treatment and at defined times after
treatment, depending on the anthelmintic group used
(Coles et al., 1992; Pena-Espinoza et al., 2014). Although
the test is considered reliable only if more than 25% of
the worms are resistant (Martin et al., 1989; Coles et al.,
2006), the FECRT is still the most widely used and most
feasible test and is considered the gold standard for
detecting anthelmintic resistance in vivo.

On all the farms where resistance of the worms to
albendazole was detected in both provinces, albendazole
had been used over long durations, and the owners had
been complaining of the failure of this drug to control
nematode infections. Therefore, some of them have
dismissed albendazole and used ivermectin or moxidectin
to drench animals. According to Van Wyk (2001) and
Pena-Espinoza et al. (2014), frequent anthelmintic
treatments, use of anthelmintics with similar mode of
action for several years, and underdosing are some of the
factors that contribute to the development of resistance.
Thus, inappropriate use of anthelmintic drugs in small
ruminants has led to failures in their effective-ness,
leading to a global constraint of anthelmintic resistance
(Salgado and Santos, 2016).

On the three farms (G2, G4 and G5) in Gaza province,
where resistance to albendazole was detected, most of
the goats (mainly Boer breed) were imported from
Zimbabwe and South Africa, while the goats (Kalahari red
breed) were imported from South Africa in farm G11 in
Maputo province. An important feature to note in the
referred farms is that animals were neither kept in
quarantine nor dewormed after they had been imported
before introducing them to their new farms. Shalaby
(2013) indicated that introducing newly acquired animals
to a farm without prior quarantine and deworming
constitutes a faster way to spread resistance of
gastrointestinal nematodes.

Indiscriminate use of anthelmintics to treat the entire
flocks was observed in the surveyed farms, and this may
have probably contributed to the higher levels of
anthelmintic resistance in the present study. Das Neves
et al. (2014) suggested that the low cost and practicability
of anthelmintic administration encourage farmers to treat
entire flocks irrespective of the individual‘s needs, thus
resulting in the emergence and rapid spread anthelmintic
resistance of gastrointestinal nematodes. Geary et al.
(2012) also suggested that, although unsustainable with
regard to selection for anthelmintic resistance, routine
treatment of the entire flock rather than selective
treatment of individuals has become a common practice.
Therefore, refugia-based drenching regimes have been
widely recommended to slow down the development of
anthelmintic resistance (Van Wyk, 2001; Kenyon et al.,
2013). Based on the levels of resistance to albendazole
detected in the farms studied, “refugia” should be
explored to prevent and delay the development of
anthelmintic resistance, and even to reverse the situation
in flocks where resistance levels are already high.

The occurrence of different levels of resistance to
benzimidazoles in gastrointestinal nematode parasites,
as evidenced by the FECRT results, is in agreement with
other studies undertaken elsewhere, including Denmark
(Pena-Espinoza et al.,, 2014), India (Chaudhry et al.
(2015), Mexico (Herrera-Manzanilla et al., 2017), North
Ireland (McMahon et al., 2013) and Scotland (Kenyon et



al., 2013), where resistance of H. contortus,
Trichostrongylus spp. and Oesophagostomum spp. to
benzimidazoles was registered. Kumsa and Abebe
(2009) reported anthelmintic resistance in Haemonchus
spp. to albendazole and tetramisole in goats in Southern
Ethiopia. Chagas et al. (2013) reported the presence of a
multiple-resistant strain of H. contortus in Southeast
Brazil. Borges et al. (2015) reported the occurrence of
resistance of Haemonchus spp. and Trichostrongylus
spp. to albendazole in the northeast Bahia State in Brazil.

In the present study, resistance to albendazole was
detected in eight (72.7%) of the 11 farms surveyed. The
results indicated high levels of resistance to the tested
anthelmintic, and demonstrated that there was an
alarming increase in the resistance rate compared to the
results reported by Atanasio et al. (2002).

Any viable eggs in post-treatment coprocultures
indicate that some resistant worms may have been
present in the animals at the time of treatment. Evidence
of small percentage of survivors may indicate a
resistance problem that could develop with further rounds
of treatments, and should be monitored (Pena-Espinoza
et al., 2014). Since large numbers of infective larvae of
Strongyloides spp. in the post-treatment larval cultures
compared with the pre-treatment larval cultures were
observed only in three of the flocks (G2, G7, and G9), it
was not possible to determine whether the resistance of
this species to albendazole has occurred.

Conclusion

This study provided evidence that anthelmintic resistance
of gastrointestinal nematode parasites in goats is
currently a problem of great significance and imposes
severe constraints on the production of small ruminants in
this region of the country. Our findings were in agreement
with previous studies that indicated the resistance to
benzimidazoles as an emerging problem in southern
Mozambique. Different control strategies or appropriate
measures including sustainable control strategies using
integrated approaches and an alternation strategy of drug
groups in order to minimize the pressure for parasite
adaptation must be taken to reverse the situation.
Refugia-based anthelmintic treatments are recommended
to slow down the development of resistance to drugs, and
target selective treatments to extend the efficiency of
anthelmintics mainly in the farms where the levels of
resistance are low or anthelmintic drugs are still effective
must be applied. Adoption of strict quarantine procedures
should be instituted for all newly acquired animals to
prevent the importation of resistant nematodes to the
farms.
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