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Abstract:  18 

Equine piroplasmosis is a widespread tick-borne disease caused by Babesia caballi and Theileria 19 

equi. Clinical signs are non-specific and include fever, inappetence, icteric mucous membranes 20 

and lethargy; typical laboratory changes are hemolytic anemia and thrombocytopenia. Affected 21 

horses may become chronic carriers, which sometimes lead to unnecessary treatment in 22 

asymptomatic cases. Serum amyloid A (SAA) is a major equine acute-phase protein and a 23 

sensitive biomarker of inflammation. Well studied in bacterial and inflammatory conditions, its 24 

value in equine piroplasmosis remains unclear. Here, we investigated SAA concentrations in 25 

horses acutely infected with Babesia caballi or Theileria equi and compared to healthy horses. 26 

We included 25 horses: 10 healthy controls, 6 Babesia caballi-positive horses and 9 Theileria 27 

equi-positive horses. SAA concentrations were measured using a point-of-care immunoassay, and 28 

infection status (Babesia / Theileria) was determined using a loop-mediated isothermal 29 

amplification assay. We also performed ancillary diagnostic tests to exclude concurrent diseases. 30 

We found that SAA concentrations were significantly higher in horses positive for Babesia (p = 31 

0.001) and Theileria (p = 0.001) compared to controls, with a respective increase of 32 

approximately 2312 µg/L (95% CI: 2234.0 to 2389.6 µg/L; p < 0.001) and 2024 µg/L (95% CI: 33 

1955.2 to 2093.6 µg/L; p < 0.001) relative to controls. SAA value was not significantly different 34 

between Theileria and Babesia status. These results reflect the systemic inflammatory response 35 

associated with acute equine piroplasmosis; although nonspecific, SAA may represent a rapid and 36 

useful adjunctive marker for the diagnosis and monitoring of these cases. 37 

Keywords: Babesia caballi, Horses, Piroplasmosis, Serum amyloid A, Theileria equi 38 

 39 
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Introduction:  40 

Equine piroplasmosis is a tick-borne infectious disease caused by two hemoprotozoan parasites, 41 

Babesia caballi and Theileria equi.17 This disease often results in severe systemic inflammation 42 

and illness. During the acute phase of infection, common clinical signs include fever, lethargy, 43 

petechiae, edema, pale mucous membranes, icterus, and pigmenturia. Hematologic findings, such 44 

as hemolytic anemia and thrombocytopenia, are very common in affected horses.17  45 

Serum amyloid A (SAA) is a major acute-phase protein in horses, released in response to 46 

systemic inflammation. It is widely used as a biomarker for detecting inflammation in equine 47 

medicine.15 In healthy horses, concentrations are very low or undetectable (< 100 mg/L), but they 48 

can increase more than 100-fold in response to acute inflammatory stimuli and tissue injury.10-15 49 

SAA levels typically begin to rise within 6–12 hours of an inflammatory event, peak at 50 

approximately 48 hours, and return to baseline within 5–7 days.Erreur ! Source du renvoi introuvable.-10-15 51 

While SAA concentrations have been extensively studied in various equine inflammatory 52 

diseases, after searching Google, PubMed, Web of science, and Scopus, no study has specifically 53 

evaluated SAA concentrations in naturally occurring equine piroplasmosis caused by Babesia 54 

caballi and Theileria equi. 55 

Given that Babesia caballi and Theileria equi infections cause significant systemic inflammation, 56 

we decided to determine SAA concentrations in cases of acute infection  with Babesia caballi and 57 

Theileria equi. We hypothesized that SAA concentrations would significantly increase during 58 

acute Babesia and Theileria associated infections, reflecting the severity of inflammation. 59 

Materials and Methods:  60 

Study Design and Population:  61 
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This study was conducted as a prospective cross-sectional observational study. Cases were 62 

enrolled consecutively over a 12-month period in order to obtain a sufficient number of horses 63 

diagnosed with acute equine piroplasmosis and suitable control horses. 64 

The piroplasmosis group included horses or ponies older than one year of age that presented with 65 

clinical signs suggestive of equine piroplasmosis and tested positive for Babesia caballi and/or 66 

Theileria equi using a loop-mediated isothermal amplification (LAMP) assay (Enalees, France). 67 

Inclusion criteria required at least one of the following clinical signs: fever (>38.5°C), lethargy, 68 

or dysorexia. Additional clinical findings, including edema and icterus, were also recorded. 69 

All horses in the piroplasmosis group underwent blood analysis including hematology and serum 70 

biochemistry, together with complete thoracic and abdominal ultrasonographic examinations to 71 

rule out any concurrentdiseases. Horses were also tested for Anaplasma phagocytophilum using 72 

the same LAMP platform (Enalees, France). 73 

The control group included clinically healthy horses or ponies older than one year of age 74 

admitted for elective surgical or medical procedures. Eligibility criteria required normal clinical 75 

examination findings, normal hematology and serum biochemistry results, and negative LAMP 76 

assay results for Babesia caballi, Theileria equi, and Anaplasma phagocytophilum. Historical 77 

data regarding previous carrier status, prior exposure, or duration of clinical signs were not 78 

consistently available. 79 

For statistical analysis, the piroplasmosis group is further divided into two subgroups: a Babesia 80 

caballi–positive group, including horses positive for Babesia caballi and negative for Theileria 81 

equi, and a Theileria equi–positive group, includinghorses positive for Theileria equi and 82 

negative for Babesia caballi. 83 
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Horses in the control and the piroplasmosis group did not receive antibiotics, anti-inflammatory 84 

drugs, or imidocarb dipropionate within the previous month. All blood samples were collected at 85 

admission, prior to administration of any medication. 86 

Sample Collection and Analysis:  87 

For both groups, blood samples were collected into EDTA and heparinized tubes and analyzed on 88 

the day of admission. All samples used in this study were obtained as part of routine clinical 89 

diagnostic, pre-anesthetic or medical procedures performed at hospital. No additional sampling 90 

was performed for research purposes, and no horses were enrolled specifically for this study. 91 

Serum amyloid A (SAA) concentrations were measured using a point-of-care immunoassay with 92 

the EQ-1 quantitative reader (StableLab; Epona Biotech, Ireland) using whole blood collected in 93 

heparinized tubes, according to the manufacturer’s instructions. 94 

Detection of Babesia caballi and Theileria equi was performed using EDTA blood samples with 95 

the Epona® molecular diagnostic system (Enalees, France), using the EP-TBA assay based on 96 

LAMP technology. The LAMP method amplifies target DNA at a constant temperature (65°C) 97 

using a strand-displacing DNA polymerase. Each sample was processed according to the 98 

manufacturer’s instructions. Amplification and detection were performed automatically by the 99 

Enalees reader, and results were available within approximately 40 minutes. 100 

Statistical Analysis:  101 

We performed all statistical analyses using R version 4.5.2 (2025-10-31).13 102 

The Shapiro–Wilk test was used to assess normality of SAA concentrations and demonstrated a 103 

non-normal distribution for the Babesia caballi–positive group (p = 0.008) and the control group 104 
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(p < 0.001). Consequently, non-parametric methods were used for group comparisons. 105 

Differences in SAA concentrations between groups were assessed using the Kruskal–Wallis test, 106 

followed by Dunn’s post-hoc test with Holm correction for pairwise comparisons. A p-value < 107 

0.05 was considered statistically significant (Figure 1). 108 

Because residuals from an ordinary least-squares linear model of SAA concentration were not 109 

normally distributed (Shapiro–Wilk p < 0.001), and normality was not restored after log-110 

transformation of the dependent variable (Shapiro–Wilk p = 0.009; non-normality also evident on 111 

QQ-plots), a robust linear regression was used instead. The model was fitted with the Huber M-112 

estimator (MASS::rlm() in R), which down-weights atypical observations and is therefore less 113 

sensitive to non-normal residuals and extreme SAA values, while still allowing the coefficients to 114 

be interpreted on the original concentration scale (µg/L). Infection status was entered as a single 115 

three-level factor (LAMP-negative controls, Theileria equi-positive, Babesia caballi-positive), 116 

with the LAMP-negative control group as the reference category. 117 

Results: 118 

Study population: 119 

Twenty-seven horses were initially enrolled in the study, including 11 horses in the control group 120 

and 16 horses in the piroplasmosis group. 121 

One horse was co-infected with both Babesia caballi and Theileria equi and was excluded from 122 

the statistical analysis because of the limited number of mixed infections. In addition, one horse 123 

initially included in the control group was excluded after testing positive for Theileria equi, 124 

despite showing no clinical signs or hematological evidence of infection. 125 
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The final study population therefore consisted of 25 horses: 15 horses in the piroplasmosis group 126 

and 10 horses in the control group. Within the piroplasmosis group, 6 horses were included into 127 

the Babesia caballi–positive group and 9 horses were assigned to the Theileria equi–positive 128 

group. Comprehensive clinical and hematological data, including complete blood count (CBC) 129 

parameters, clinical signs, and relevant laboratory findings, were recorded for all horses (Tables 1 130 

and 2). 131 

The study population consisted of 11 mares and 15 geldings, ranging from 2 to 29 years (median: 132 

13 years). A variety of breeds were represented, including Thoroughbreds, Warmbloods (Selle 133 

Français), Arabians, ponies, and Clydesdales. 134 

Statistical analysis: 135 

The Kruskal–Wallis test demonstrated a highly significant difference in SAA concentrations 136 

across the three groups (χ²(2) = 17.635, p < 0.001), confirming that at least one group differed 137 

significantly from the others. 138 

Dunn’s post-hoc test with Holm correction revealed that both Babesia caballi–positive group and 139 

Theileria equi–positive group had significantly higher SAA concentrations than the control group 140 

(p = 0.001 for both comparisons). No significant difference in SAA concentrations was found 141 

between the Babesia caballi–positive group (p = 0.666) and the Theileria equi–positive group 142 

(Figure 1). 143 

In the robust linear regression model, SAA concentrations were, on average, 2311.8 µg/L higher 144 

in Babesia caballi-positive horses (95% CI: 2234.0 to 2389.6 µg/L; p < 0.001) and 2024.4 µg/L 145 

higher in Theileria equi-positive horses (95% CI: 1955.2 to 2093.6 µg/L; p < 0.001)  than in 146 

LAMP-negative control horses (Table 3). These estimates are consistent with the Kruskal–Wallis 147 
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and Dunn post-hoc results and quantify the between-group differences in a manner robust to 148 

extreme values; they should nonetheless be interpreted cautiously given the small sample size. 149 

Discussion:  150 

We investigated the value of serum amyloid A (SAA) in horses acutely infected with Babesia 151 

caballi or Theileria equi. Our results demonstrated that SAA concentrations were significantly 152 

higher in infected horses than in control horses. The robust linear regression model confirmed 153 

that both Babesia caballi and Theileria equi infection were associated with markedly increased 154 

SAA concentrations, with mean increases of 2311.8 µg/L (p < 0.001) and 2024.4 µg/L (p < 155 

0.001), respectively, relative to LAMP-negative controls. These findings suggest that SAA 156 

reflects the inflammatory status associated with acute equine piroplasmosis. Similar findings 157 

have been reported in buffaloes infected with Theileria annulata, in which SAA and haptoglobin 158 

concentrations increased in association with parasitemia.5 159 

Serum amyloid A is a major acute-phase protein synthesized by hepatocytes in response to pro-160 

inflammatory cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis 161 

factor-alpha (TNF-α). In horses, SAA concentrations may increase up to 1000-fold within 12 to 162 

24 hours following an inflammatory stimulus, making it one of the most sensitive markers of 163 

systemic inflammation.10,18 The elevated SAA concentrations observed in the present study are 164 

consistent with a systemic inflammatory response triggered by piroplasm infection. Babesia 165 

caballi and Theileria equi are obligate intraerythrocytic protozoa that parasitize red blood cells 166 

and induce erythrocyte destruction and hemolytic anaemia.7,17 The release of heme, hemoglobin, 167 

and erythrocyte debris during infection acts as a potent inflammatory stimulus, activating 168 

macrophages and promoting the production of pro-inflammatory cytokines, particularly IL-6.6 169 
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This cytokine cascade subsequently induces hepatic synthesis of acute-phase proteins including 170 

SAA, fibrinogen, and haptoglobin, reflecting the magnitude of the host inflammatory 171 

response.9,12 Such mechanisms support the marked increase in SAA observed in horses infected 172 

with Babesia caballi and Theileria equi. 173 

Although the robust model estimated SAA concentrations to be, on average, approximately 287 174 

µg/L higher in Babesia caballi-positive than in Theileria equi-positive horses, this difference was 175 

not statistically significant (Dunn's post-hoc test, p = 0.666), likely owing to the small sample 176 

size. The more pronounced increase observed in Babesia caballi cases may nevertheless reflect 177 

the acute and hemolytic nature of this infection. Babesia caballi typically causes a shorter but 178 

often severe clinical course characterized by fever, icterus, anaemia, and hemoglobinuria, all of 179 

which may intensify the systemic inflammatory response.7,17 In contrast, Theileria equi infections 180 

are more frequently chronic, persistent, or subclinical, and may be associated with lower 181 

parasitemia and a milder inflammatory response.3 This biological difference in disease kinetics 182 

may explain the numerical, albeit non-significant, trend toward higher SAA concentrations in 183 

Babesia caballi–positive horses, suggesting that the acute-phase response may be proportional to 184 

the intensity and duration of parasitemia. Larger studies are needed to confirm whether this 185 

difference is clinically meaningful. 186 

The results of this study highlight the potential of SAA measurement as a complementary 187 

diagnostic tool in equine piroplasmosis. Although SAA is a non-specific biomarker, its rapid 188 

response and wide dynamic range make it a valuable indicator of active inflammation. 189 

In endemic regions, the prevalence of chronic carriers of Theileria equi is relatively high, and 190 

positive LAMP assay results frequently reflect persistent low-grade infection rather than 191 
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clinically active disease.11,17 This was illustrated in the present study, where one horse initially 192 

considered for inclusion in the control group tested positive for Theileria equi despite showing no 193 

clinical abnormalities, normal hematological findings, and SAA concentration of 10 mg/L. 194 

Although this horse was excluded from the final analysis, its status highlights a common 195 

diagnostic challenge in endemic areas, where treatment decisions may be based solely on a 196 

positive LAMP assay result. In such cases, administration of imidocarb dipropionate may occur 197 

in horses without evidence of active disease. The combination of an increased SAA concentration 198 

together with compatible clinical findings and exclusion of alternative causes of inflammation 199 

may therefore help identify horses more likely to benefit from treatment. Conversely, normal 200 

SAA concentrations in clinically healthy horses testing positive for Theileria equi may support a 201 

carrier status rather than active inflammatory infection. 202 

In France, equine piroplasmosis is considered endemic, with marked regional variations in 203 

prevalence. A recent epidemiological study reported that approximately 38.3% of horses are 204 

carriers, with prevalence ranging from 18.7% in northern regions to more than 56% in southern 205 

areas.11 These findings are consistent with field observations indicating that a large proportion of 206 

horses are asymptomatic carriers, particularly for Theileria equi.14 Importantly, Theileria equi is 207 

known to establish lifelong infections, whereas Babesia caballi may occasionally be cleared 208 

spontaneously, which may explain the higher prevalence of Theileria equi in endemic regions.17 209 

As a result, many horses may test positive without exhibiting clinical signs or hematological 210 

abnormalities. Such cases are well described in endemic regions, where positive test results often 211 

reflect chronic carrier status rather than active disease.16 These observations highlight the 212 

limitations of relying solely on LAMP assay results to guide treatment decisions, as a positive 213 
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result does not necessarily indicate clinically relevant infection. In endemic countries such as 214 

France, this may lead to overdiagnosis and unnecessary treatment with imidocarb dipropionate. 215 

In this context, the integration of clinical examination, hematological findings, and biomarkers of 216 

systemic inflammation such as SAA appears particularly relevant. Increased SAA concentrations, 217 

in the absence of alternative causes of inflammation, may help distinguish between inactive 218 

carrier states and active disease, thereby supporting more rational therapeutic decision-making in 219 

endemic settings. Elevated SAA values, in conjunction with compatible clinical signs such as 220 

fever, anemia, or icterus, may also guide clinicians toward a presumptive diagnosis of 221 

piroplasmosis pending confirmatory test results. 222 

Although the point-of-care SAA analyzer offers rapid results, its analytical precision may be 223 

slightly lower than that of laboratory-based immunoturbidimetric assays, which could contribute 224 

to inter-sample variability. Persistently high SAA concentrations after treatment could reflect 225 

ongoing inflammation, treatment failure, or co-existing disease. This dynamic response makes 226 

SAA concentration a practical tool for monitoring recovery in equine medicine. Therefore, SAA 227 

should not be used as a stand-alone diagnostic tool, but rather as a complementary indicator 228 

interpreted alongside molecular testing and hematological findings. 229 

While SAA has been extensively studied in bacterial diseases such as colitis, pleuropneumonia, 230 

and septicemia.2, 9 its role in protozoal infections such as piroplasmosis has been largely 231 

unexplored. Thisstudy is the first to quantify SAA concentrations in horses with confirmed 232 

Babesia caballi and Theileria equi infections. Previous research has shown that SAA 233 

concentrations correlate closely with disease severity and respond more rapidly than other acute-234 

phase markers such as fibrinogen or haptoglobin.8 The magnitude of SAA elevation observed in 235 
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this study—often exceeding 1000 µg/L in Babesia caballi cases is consistent with levels reported 236 

in other severe systemic inflammatory diseases, confirming that piroplasmosis induces a 237 

substantial inflammatory response. 238 

These findings are also consistent with observations in other species, where Babesia spp. 239 

infections trigger marked acute-phase responses secondary to hemolysis and pro-inflammatory 240 

cytokine release.4 The observed difference in SAA magnitude between Babesia caballi and 241 

Theileria equi infections is also coherent with previously described pathophysiological 242 

differences between the two parasites. 243 

Several limitations should be considered when interpreting the present findings. Firstly, the 244 

relatively small sample size restricts statistical power and may limit results generalizability. 245 

Secondly, the cross-sectional design does not capture the temporal dynamics of SAA during 246 

infection or following treatment. Serial measurements would provide valuable information 247 

regarding the kinetics of SAA as an indicator of clinical improvement or relapse. Thirdly, 248 

although horses with concurrent inflammatory diseases were excluded based on clinical 249 

examination, ultrasonography, and laboratory findings, subclinical conditions or parasitic co-250 

infections cannot be completely ruled out. In addition, historical data regarding previous carrier 251 

status, prior treatments, or duration of clinical signs, were not consistently available and may 252 

have influenced the variability observed in SAA concentrations, particularly among Theileria 253 

equi-positive horses. Finally, as SAA is a non-specific marker, its diagnostic use should always 254 

be interpreted in the context of clinical signs, hematology, and molecular testing. 255 

A binary logistic regression using SAA as a continuous predictor of infection status (infected vs. 256 

non-infected) could represent an interesting approach in future studies. Such analyses would 257 
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allow estimation of odds ratios and assessment of the discriminatory performance of SAA using 258 

receiver operating characteristic (ROC) curves and area under the curve (AUC) analysis. 259 

However, the limited sample size of the present study (n = 25; 6 Babesia caballi–positive, 9 260 

Theileria equi–positive, and 10 control horses) did not provide sufficient statistical power to 261 

reliably perform these analyses. Larger studies are therefore warranted to determine whether 262 

SAA thresholds, interpreted in combination with clinical findings and molecular testing, could 263 

help distinguish active piroplasmosis from chronic carrier states rather than serve as a stand-alone 264 

diagnostic test. 265 

Future studies should aim to establish reference intervals for SAA in different equine 266 

populations, including healthy horses, subclinically infected carriers, and acutely infected horses, 267 

in order to refine its diagnostic utility. Combining SAA with other acute-phase proteins such as 268 

haptoglobin, fibrinogen, or serum iron, may improve diagnostic specificity and provide a more 269 

comprehensive assessment of inflammation. Longitudinal studies following clinically normal 270 

horses testing positive for Theileria equi would also be valuable to determine whether persistently 271 

normal SAA concentrations are associated with chronic carrier states, whereas increasing SAA 272 

concentrations may precede clinical disease. Quantitative PCR or other quantitative molecular 273 

approaches could additionally be used to correlate parasite burden with SAA concentration, 274 

potentially allowing SAA to serve as a surrogate marker of infection intensity. 275 

Such studies would help define the role of SAA not only as a diagnostic marker, but also as a 276 

prognostic and monitoring tool in equine protozoal infections. 277 

These findings highlight the potential value of SAA as a supportive marker in the diagnosis and 278 

clinical assessment of equine piroplasmosis. Owing to its rapid kinetics and sensitivity to 279 
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systemic inflammation, SAA may represent a useful adjunct to molecular testing and clinical 280 

evaluation, particularly when differentiating active disease from asymptomatic carrier states in 281 

endemic regions. 282 
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Tables:  365 

Table 1. Clinical and laboratory findings in horses with positive LAMP results for Babesia 366 

caballi or Theileria equi 367 

Horse 

ID 

Clinical signs Hematology findings Babesia 

caballi 

LAMP 

Theileria 

equi 

LAMP 

Serum 

amyloid A 

(µg/L) 

1 Fever, edema Anemia - + 2553 

2 Fever, edema Anemia - + 1700 

3 Fever Anemia - + 2030 

4 Depression Anemia, 

hyperbilirubinemia 

+ - 

2518 

5 Fever, edema Anemia - + 247 

6 Fever, edema Anemia, 

thrombocytopenia 

+ - 

2350 

7 Fever Anemia, neutropenia + - 2282 

8 Fever Anemia, 

hyperbilirubinemia 

- + 

74 
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9 Depression, 

icteric 

mucosae 

Hyperbilirubinemia (59 

mg/L), anemia - + 

2363 

10 Depression, 

fever, anorexia 

Hyperbilirubinemia 

(148 mg/L), anemia 

+ - 

1492 

11 Fever, anorexia Hyperbilirubinemia (32 

mg/L) 

- + 

3000 

12 Fever, dull 

colic signs 

Marginal anemia 

+ - 

2347 

13 Fever, dull 

colic signs 

Marginal anemia 

+ - 

2290 

14 Fever Anemia, 

hyperbilirubinemia 

- + 

2179 

15 Fever, 

depression, 

anorexia 

Creatinine 18.8 mg/L; 

increased enzymes - + 

1865 

16 Fever Hypoalbuminemia  + + 416 

Note: Horse #16 was the only horse testing positive for both Babesia caballi and Theileria equi 368 

(co-infection). This horse was excluded from primary statistical analyses due to the small sample 369 

size of mixed infections. 370 
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Table 2. Clinical and laboratory findings in LAMP negative control horses 371 

Horse 

ID 

Presenting 

complaint 

Hematology 

findings 

Babesia 

caballi 

LAMP 

Theileria 

equi LAMP 

Serum 

amyloid A 

(µg/L) 

17 Pre-castration Normal - - 0 

18 Vaccination Normal - - 1 

19 Vaccination Normal - - 5 

20 Medical 

follow-up 

Marginal anemia 

- - 

0 

21 Vaccination CPK 364 U/L - - 5 

22 Vaccination Normal - - 19 

23 Vaccination CPK 381 U/L - - 0 

24 Vaccination CPK 552 U/L - - 0 

25 Lameness 

evaluation 

Normal 

- - 

25 

26 Vaccination Hypoalbuminemia 

(26 g/L) 

- - 

0 
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27 Lameness 

evaluation 

Normal 

- + 

10 

Note: Horse #27 was the only horse testing positive for Theileria equi, with no other clinical 372 

signs. This horse was excluded from primary statistical analysis due to the small sample size.  373 

Table 3. Robust Linear Regression Model Results 374 

Variable Coefficient 

(µg/L) 

Standard 

Error 

t-value p-value 95% Confidence 

Interval 

LAMP− 

(reference) 

5.50 24.31 0.23  (-42.14, 53.14) 

Babesia+ (Effect 

on SAA) 

2311.75 39.69 58.24 < 0.001 (2233.95, 

2389.55) 

Theileria+ 

(Effect on SAA) 

2024.42 35.32 57.32 < 0.001 (1955.20, 

2093.64) 

Note: Coefficients estimated by robust linear regression (MASS::rlm(), Huber M-estimator). The 375 

reference category is the LAMP-negative control group; coefficients represent the mean increase 376 

in SAA concentration relative to controls. P-values for the slopes were obtained from robust F-377 

tests (sfsmisc::f.robftest); no p-value is reported for the intercept. 378 

 379 

 380 
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Figure Legends:  381 

Figure 1: Distribution of SAA levels by infection status, with statistical significance assessed by a 382 

Dunn-test. 383 
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Figure 1: Distribution of SAA levels by infection status, with statistical significance assessed by a Dunn-test. 
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