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Introduction 
Gastrointestinal endoparasites remain one of the major constraints to sheep production worldwide, 
reducing growth rates, carcass value, health and welfare (Miller et al., 2012; Mavrot et al., 2015; 
Reeves et al., 2024). Therefore, selective breeding for parasite resistance has become an important 
complementary strategy to anthelmintic treatment, particularly in the context of increasing 
anthelmintic resistance (Cunha et al., 2024). A common approach to identify resistant animals 
relies on fecal egg count (FEC) measurements. However, standard FEC protocols primarily 
quantify eggs from nematodes of the Trichostrongylidae (TRI) family, which includes 
Haemonchus contortus, the most prevalent and pathogenic species in many regions. Nevertheless, 
sheep in grazing environments are usually exposed to multiple parasite groups, including 
nematodes, cestodes, and protozoa (Ruano et al., 2017). As a result, resistance evaluations based 
on FEC largely reflect the host’s response to TRI infections, while the ability of sheep to cope with 
other gastrointestinal parasite groups is rarely assessed (Hunt et al., 2013). 
The reliance on TRI-based FEC as a proxy for overall parasite resistance assumes that animals 
capable of controlling TRI burdens will exhibit similar resilience or resistance to other 
endoparasite taxa. However, the validity of this assumption remains uncertain, as immune 
mechanisms and host-parasite interactions may differ substantially among parasite groups. As a 
result, current selection strategies may overlook important aspects of the host’s capacity to 
withstand the broader spectrum of gastrointestinal parasites encountered under field conditions. 
Therefore, the objective of this study was to evaluate the capacity of TRI-parasite-resistant sheep 
breeds, Florida Native and Katahdin, to withstand infections from diverse endoparasite taxa, 
thereby assessing whether resistance identified through TRI-based FEC measurements reflects a 
more generalized ability to cope with gastrointestinal parasitism. 
 
Materials & Methods 
Animals and management. A cohort of 44 Florida Native (FN) and 16 Katahdin (KT) lambs from 
the University of Florida flock, of both sexes, aged 4-5 months and raised under co-grazing 
conditions, was used in this experiment. Lambs were dewormed at weaning (2-3 months of age) 
and were naturally re-infested with parasites before and during the trial period. 
 
Samples and analyses. Fecal samples were collected weekly from day 0 to 28 to determine 
independent FEC for TRI (nematodes), Strongyloididae (STR; nematodes), and Moniezia spp. 
(MON; cestodes), as well as fecal oocyst count (FOC) for Eimeria spp. (EIM; protozoa). Counts 
were expressed as eggs or oocysts per gram of feces (EPG, OPG) determined using a modified 
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McMaster’s flotation technique. Blood samples were collected on days 0 and 28 to measure packed 
cell volume (PCV, %) and total serum protein (TSP, g/dL), which represent the proportion of red 
blood cells and the concentration of blood proteins, respectively. These parameters are widely used 
as indicators of anemia and nutritional status (Al-Bayati et al., 2023).  
 
Statistical analysis. FEC and FOC data were analyzed fitting generalized linear mixed models 
under a repeated-measures framework, assuming a negative binomial distribution with a natural-
log link function to account for overdispersion in the count data. The models included the fixed 
effects of breed, sex, litter size and collection point and the random effect of animal. Furthermore, 
linear mixed models with repeated measures were fitted to analyze Box-Cox-transformed PCV 
and TSP values, including the same fixed and random effects described above.  
 
Results 
Table 1 presents the prevalence of each parasite group by breed and for the entire flock during the 
experimental period. The nematodes TRI and STR were highly prevalent, detected in 98.3% and 
95.0% of the lambs, respectively. The protozoa EIM was present in all lambs throughout the 
experiment, whereas the cestode MON showed a lower prevalence of 56.7%, indicating that 
cestode infections were less widespread than infections by the other parasite groups. Mean and 
standard deviations indicate high variability in parasite load within and across breed and parasite 
groups. 
 
Table 1. Experimental period prevalence (Pre, %), mean fecal egg/oocyst counts (µ) and standard 
deviation (SD) of Trichostrongylidae (TRI), Strongyloididae (STR), Moniezia spp. (MON) and 
Eimeria spp. (EIM) parasites in Florida Native (FN), Katahdin (KT) lambs, and the entire flock. 

Breed 
group 

Parasite group 
TRI STR MON EIM 

Pre (%) µ ± SD Pre (%) µ ± SD Pre (%) µ ± SD Pre (%) µ ± SD 

FN 97.7 405.2  
±696.1 93.2 308.0  

±602.3 52.3 122.4  
±936.6 100 104.2  

±279.1 

KT 100 865.4  
±1438.1 100 628.8  

±749.3 68.7 145.5  
±377.8 100 281.4  

±1155.6 

Overall 98.3 533.9  
±984.8 95.0 397.7  

±662.6 56.7 128.9  
±819.8 100 153.8  

±660.1 
 
As shown in Figure 1, FN lambs presented significantly lower (P < 0.05) overall FEC and FOC 
compared to KT lambs across all parasite groups: TRI (262.0 ± 62.7 vs. 889.0 ± 313.0), STR (147.0 
± 46.1 vs. 577.0 ± 264.0), MON (54.5 ± 23.2 vs. 112.3 ± 48.9), and EIM (79.8 ± 16.7 vs. 147.7 ± 
36.7). Similarly, FN lambs exhibited significantly higher overall PCV (32.0 ± 0.47 vs. 30.1 ± 0.76) 
and TSP (9.32 ± 0.052 vs 8.78 ± 0.085) concentrations than KT lambs (Figure 2).  
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Figure 1. Fecal egg count (FEC) for Trichostrongylidae (TRI) (a), Strongyloididae (STR) (b) and 
Moniezia spp. (MON) (c) and fecal oocyst count (FOC) for Eimeria spp. (EIM) (d) by collection 
point and overall, per breed. Interaction between collection point and breed was not significant.  
 

 
Figure 2. Packed cell volume (PCV, %) (a) and total serum protein (TSP, g/dL) (b) by collection 
point and overall, per breed. Interaction between collection point and breed was not significant.  
 
Discussion 
The prevalence of TRI, STR, MON and EIM in our flock confirms that lambs were exposed to 
multiple parasite taxa, indicating that gastrointestinal parasite burdens extend beyond the TRI 
family. The prevalence of nematodes and protozoa observed in the present study (Table 1) is 
consistent with the infestation levels reported by Zhang et al. (2024), although the higher 
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prevalence of cestodes in our study may be attributed to the hot and humid conditions in the region, 
which facilitates parasites proliferation. The lower prevalence of MON compared to other parasites 
may be explained by its more complex life cycle, which requires an intermediate host and, 
therefore, limits its ability to disseminate across the flock (Starkey and Pugh, 2021).  
The lower FEC and FOC values observed in FN lambs compared to KT lambs (Figure 1) 
demonstrate a stronger ability to suppress parasite establishment and reproduction, likely reflecting 
more effective immune responses. Moreover, the reduced infestation level across all four parasite 
groups in FN lambs suggests that their ability to cope with gastrointestinal parasites extends 
beyond the TRI family nematodes. These results agree with Pacheco et al. (2021), who reported 
strong positive correlations (0.74 ± 0.09) between FEC of two different nematode groups and a 
moderate positive correlation (0.39 ± 0.15) between nematodes FEC and protozoa FOC. Similarly,  
Dafur et al. (2021) evaluated sheep resistance to five different parasite groups, including MON 
and four nematode groups, and found that higher resistance to MON was consistent across almost 
all nematode groups. Together, these results suggest that a common genetic background may 
modulate host immune responses across different gastrointestinal parasite groups.  
The reduced parasite burden in FN lambs also reflected in higher PCV and TSP levels compared 
with KT lambs, indicating improved physiological condition. Similar results were found by Al-
Bayati et al. (2023), where low parasite presence was associated with higher PCV and TSP 
concentrations. Overall, FN lambs displayed greater parasite resistance across multiple 
endoparasite taxa, which was reflected in improved health status. 
 
Conclusions 
The greater capacity of FN sheep to cope with gastrointestinal parasites across multiple 
taxonomical groups compared with KT lambs suggests the presence of an enhanced immune-
genetic background. These findings indicate that selecting animals for resistance based on TRI 
FEC may also confer resilience to other parasite groups, supporting the continued use of TRI FEC 
as a selection tool. Additionally, the higher PCV and TSP values observed in FN lambs than KT 
lambs further support a connection between parasite resistance and improved overall health status. 
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