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Congenital toxoplasmosis in humans and in some mammalian species, such as small ruminants, 

is a well-known cause of abortion and foetal malformations. The calcium-dependent protein 

kinase 1 (CDPK1) inhibitor BKI-1748 has shown a promising safety profile for its use in humans 

and a good efficacy against Toxoplasma gondii infection in vitro and in mouse models. The rates 

of congenital infection and foetal damage in sheep seem to mimic the situation in human 
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toxoplasmosis more closely than those in mouse models. Ten doses of BKI-1748 given every 

other day orally in sheep at 15 mg/kg exhibited therapeutic plasma levels for 23 days and no 

systemic or pregnancy-related toxicity was observed. In sheep experimentally infected at 90 days 

of pregnancy with a T. gondii oocyst dose which was lethal for all foetuses, the BKI-1748 

treatment administered from 48 hours after infection led to complete protection against abortion 

and congenital infection. In addition, compared to infected/untreated sheep, treated sheep 

showed a drastically lower rectal temperature increase, higher IFNγ levels and none showed IgG 

seroconversion throughout the study. In conclusion, BKI-1748 treatment in pregnant sheep 

starting at 48 hours after infection was fully effective against congenital toxoplasmosis. 

Keywords: Toxoplasma gondii; One Health therapeutics; BKI-1748; congenital toxoplasmosis; 

sheep; safety; efficacy 

INTRODUCTION 

Toxoplasmosis is a widespread zoonotic disease caused by the apicomplexan parasite 

Toxoplasma gondii [1]. Congenital T. gondii infections are a well-known cause of abortions and 

foetal malformations in humans and small ruminants [2, 3]. For the treatment of T. gondii 

infections in sheep, classical drugs were tested several decades ago [4]. These treatments were 

administered from ten days before challenge at ninety days of pregnancy (prophylactic use) until 

delivery and they showed low protection against abortion (20-40%) [5], and limited or no 

protection against congenital infection [5-8]. In humans, the collection of effective drugs 

(pyrimethamine, sulfadiazine, sulfadoxine, clindamycin, spiramycin) are of limited use as they 

cause significant adverse side effects and confer only moderate efficacy once infection is 

established. First-line combination treatment with pyrimethamine-sulfadiazine requires an 

extended treatment time and has been associated with allergic, hematologic, and nephrotoxic side 

effects, and teratogenicity (particularly in first-trimester pregnancy) [9-11]. These folate 

inhibitors may induce a folate deficiency, which is likely to be responsible for the side effects.  

Calcium dependent protein kinase 1 (CDPK1) is present in apicomplexan parasites and it has 

homologs in plants and other phyla, but not in mammals [12-15]. CDPK1 activity is very 

essential in T. gondii host cell invasion and egress [12, 16, 17] and can be selectively targeted by 

a class of ATP-competitive compounds, collectively named bumped kinase inhibitors (BKIs). 

Apart from T. gondii, BKIs have activity against other important zoonotic apicomplexan 

parasites such Cryptosporidium parvum and Plasmodium falciparum since their CDPKs are 

structurally similar  [18]. The pyrazolopyrimidine (PP) compound BKI-1294 showed high 

efficacy in vitro, in non-pregnant and pregnant mouse models of toxoplasmosis [19-22] and in a 

pregnant sheep model of toxoplasmosis [23]. However, BKI-1294 has some drawbacks, such as 

the inhibition of hERG (human ether-à-go-go related gene), that excludes its use in humans due 

to safety issues (cardiovascular risk) [24]. The compounds from the 5-aminopyrazole-4-

carboxamide (AC) scaffold, such as BKI-1748, have shown lower affinity for hERG (acceptable 
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cardiovascular safety testing in rat and dog, with only minor abnormalities detected above 18 

μM) compared to BKIs with a PP scaffold, rendering this compound more safe and more 

promising [24, 25]. For the lead AC compound BKI-1748 the effective concentration inhibiting 

T. gondii tachyzoite proliferation in vitro by 50% (EC50) is in the range of 43-76 nM [25, 26]. 

Furthermore, BKI-1748 exhibited efficacy against T. gondii infection in mice [25] and in 

pregnant mouse models of toxoplasmosis and neosporosis [26]. 

Sheep models of congenital T. gondii infection have emerged as a good alternative to test the 

efficacy of drug candidates for the control of human toxoplasmosis since: i) the congenital 

infection/foetal damage rates following a primary infection in sheep [27] and probably humans 

[3] differ from that in mice [27, 28] and ii) the short period of gestation in mice and the large 

number of pups make the results difficult to extrapolate to humans [29, 30]. We report here on 

the safety and efficacy of BKI-1748 treatment in pregnant sheep experimentally infected with T. 

gondii oocysts at mid-gestation.  

MATERIALS AND METHODS    

Ethics statement 

Protocols were approved by the Animal Welfare Committee (Community of Madrid, Spain, 

PROEX 064/19 and 210.0/22), following Spanish and European Union legislation (Law 32/2007, 

R.D. 53/2013, and Council Directive 2010/63/EU).  

Experimental design  

Experimental design was as previously described [23] with minor modifications (Table 1). Sheep 

were challenged at mid-pregnancy, 90 days of gestation (dg), with 1,000 T. gondii sporulated 

oocysts of the T. gondii isolate TgShSp1 (PCR-RFLP genotype 3) [27] and 48 hours later were 

treated with 10 doses of BKI-1748 (Fig. 1) at 15 mg/kg every 48 hours. Compound was 

dissolved at 30 mg/mL in a vehicle containing 60% PHOSAL® 53 MCT (medium-chain 

triglyceride emulsion), 30% PEG400 and 10% ethanol. In vivo (blood) and post-mortem samples 

were collected and for haematology and biochemistry we included an intermediate timepoint at 

48 hours after the 5th dose of the compound. Safety of BKI-1748 was evaluated by monitoring 

of rectal temperatures, gastrointestinal (faecal consistency) and behavioural changes, foetal 

viability (including birthweights) and haematological and biochemical parameters. Efficacy of 

this compound was assessed by monitoring foetal mortality and congenital infection of the 

lambs. In addition, rectal temperatures and humoral and cellular immune responses to T. gondii 

infection were assessed.  

Additionally, three pregnant sheep at 112-120 dg were used for catheterization of the saphenous 

vein of the foetus through surgery as previously described [31]. After recovery from the 
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anaesthesia, the dams received an oral dose of 15 mg/kg of BKI-1748 in order to study the foetal 

pharmacokinetics (PK).  

Study of PK, haematology/biochemistry, immune responses and parasite DNA detection  

BKI-1748 plasma concentrations were determined as previously described [25]. Calculations of 

maximum concentration (Cmax) for each dose, and area-under-the-curve (AUC) were determined 

using GraphPad Prism 8.0.1 software (San Diego, CA, USA). 

As previously described [23], complete blood counts (CBCs) were determined in whole blood 

using the automated laser-based haematology analyser Advia 120 (Siemens, Healthcare 

Diagnostics GmbH, Eschborn, Germany). Biochemical parameters were measured in serum using 

the sequential automatic autoanalyzer Konelab 30 (Thermo Fisher Scientific, Waltham, USA). 

Ions were assessed in serum using a Microlyte 3 (Beckman Coulter, Brea, USA). Reference 

values were obtained from previous studies [32, 33].  

Immune responses were assessed as previously described [23]. Briefly, IFNγ was evaluated by 

an enzyme-linked immunosorbent assay (ELISA), preceded by a peripheral blood stimulation 

assay using T. gondii soluble antigen, and T. gondii-specific IgG levels in dam and foetal sera 

were determined by ELISA and indirect fluorescent antibody test (IFAT), respectively. Genomic 

DNA extraction from 50–100 mg of six samples of different cotyledons (placenta) per dam and 

three samples of brain and lung tissues per foetus/lamb was carried out as previously described  

[23], using the commercial Maxwell® 16 Mouse Tail DNA Purification Kit (Promega, 

Wisconsin, USA). T. gondii DNA detection was carried out by an ITS1 PCR adapted to a single 

tube following procedures previously described [34]. 

Statistical analysis  

Occurrence of foetal mortality was analysed by the Kaplan–Meier survival method and foetal 

survival curves were then compared by the Log-rank (Mantel-Cox) test. Rectal temperatures and 

cellular and humoral immunes responses were analysed using Two-way ANOVA of repeated 

measures test. Weights of the lambs were compared using the non-parametric Kruskal–Wallis 

test followed by Dunn's test for comparisons between groups, as well as the Mann–Whitney test 

for pairwise comparisons. AUC of PK curves were evaluated using the Mann–Whitney test. 

Haematological and biochemical parameters were compared between groups using One-way 

ANOVA test at each time point. Statistical significance for all analyses was established at P < 

0.05. All statistical analyses were performed using GraphPad Prism 8.0.1 software (San Diego, 

CA, USA).  

RESULTS 

Pharmacokinetics  
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BKI-1748 plasma concentrations in the dams are shown in Fig. 2A. A mean ( standard 

deviation) Cmax of 2.7 ± 0.3 µM and 3.3 ± 0.3 µM were reached in the plasma of the dams at 8-

24 hours (mainly at 12 hours) after each BKI-1748 administration in G1 (T. gondii infected and 

BKI-1748 treated) and G3 (uninfected and BKI-1748 treated group), respectively. Likewise, 

mean ( standard deviation) trough plasma concentrations of 0.7 ± 0.4 µM and 0.8 ± 0.2 µM at 

48 hours after each BKI-1748 administration were found in G1 (T. gondii infected and BKI-1748 

treated) and G3 (uninfected and BKI-1748 treated group), respectively. There was no significant 

difference between the AUC over the entirety of the dosing period for G1 (719.1 ± 301.9 

h*µmol/L) and G3 (860.7 ± 322.0 h*µmol/L).  

A comparison between maternal and foetal pharmacokinetics of BKI-1748 (Fig. 2B) showed that 

the Cmax (at 20 hours after administration) was 1.8 ± 0.3 μM for pregnant sheep and 0.6 ± 0.01 

μM for foetuses. The AUC through 20 hours after administration was 27.8 ± 0.2 h*µmol/L for 

pregnant sheep and 7.6 ± 1.2 h*µmol/L for foetuses, resulting in a ratio between dams and 

foetuses of 0.27 ± 0.04 h*µmol/L.   

Haematology and biochemistry 

Mean and standard deviations for haematological and biochemical parameters in G3 

(uninfected/treated) and G4 (uninfected/vehicle alone) prior to treatment, during (48 hours after 

the 5th dose) and after treatment (4 days after the 10th dose) are shown in Table 2. Mean values 

for haematological and biochemical parameters were in the physiological range at initial, 

intermediate, and final time points, with no significant changes noted upon administration of 

BKI-1748.  

Clinical observations 

No changes in the rectal temperatures (Fig. 3), and no gastrointestinal or neurological clinical 

signs were observed in sheep that remained uninfected but received BKI-1748 treatment (G3) or 

the vehicle alone (G4). Likewise, no foetal mortality occurred in these two groups, and sheep 

gave birth to healthy lambs between 146 and 150 days of pregnancy. The birthweights of the 

lambs born from single pregnancies in G3 was 5450 ± 495 g. In twin pregnancies, birthweights 

of the lambs born were 3484 ± 277 g in G3 and 3898 ± 496 g in G4, with no significant 

differences between them. Finally, in the triplet pregnancy in G4, the weights of the newborn 

lambs were 1943 ± 361 g. 

Concerning the infected groups, significant increase in rectal temperatures was observed between 

days 4 (P < 0.001) and 10 post infection (pi) (P < 0.05) in the T. gondii-infected, untreated G2 

compared to the uninfected control G4. Comparing both infected groups, significant ly lower 

rectal temperatures was observed in G1 (infected/treated) from day 5 (P < 0.0001) to 10 pi (P < 

0.05) (Fig. 3).  
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Foetal mortality was detected in 8 out of 8 sheep (100%) from infected but untreated group (G2), 

with 7 out of 8 sheep aborting on day 8 pi (early abortions) and the one remaining sheep suffered 

a chronic phase abortion on day 45 pi (three developed foetuses and one mummified foetus). 

However, in the infected and BKI-1748 treated group (G1), 7 out of 7 sheep (100%) gave birth 

to healthy lambs. Significant differences were found for foetal survival between G1 and G2 (P < 

0.0001) (Fig. 4). The birthweights of the lambs born in G1 were 3767 ± 714 g and 3153 ± 533 g 

for single and twin pregnancies, respectively, with no significant differences compared to G3 and 

G4.  

Cellular and humoral immune responses 

IFNγ levels were significantly increased in culture supernatants from the infected/untreated 

group (G2) on days 10 (P < 0.01) and 14 pi (P < 0.01) compared to G4 (uninfected, vehicle-

treated). When both infected groups were compared, significantly higher IFNγ levels were found 

on day 7 pi in G1 (infected/treated) compared to G2 (infected/untreated) (P < 0.05) (Fig. 5A).   

Looking at the anti-T. gondii IgG levels in the dam´s sera (Fig. 5B), sheep from the 

infected/untreated group (G2) seroconverted on days 14 pi (2 out of 8 animals) or 21 pi (6 out of 

8 animals). However, in G1 (infected/treated) none of the sheep (0/7) seroconverted throughout 

the study and remained at relative index percent (RIPC) values similar to the uninfected group 

G4. Comparing both infected groups, the infected and then treated sheep in G1 showed 

significantly lower IgG levels from the day 14 pi (P < 0.001) until the final sampling on day 56 

pi (P < 0.0001). Foetuses from early abortions on day 8 pi in G2 (infected/untreated) and lambs 

born in G1 (infected/treated) were all seronegative by IFAT. However, the three aborted foetuses 

on day 45 pi in G2 (infected/untreated) were IgG seropositive with IFAT titres ranging from 1:8 

to 1:32 (no thoracic liquid sample could be collected from the mummified foetus).  

Parasite detection in placental and foetal tissues 

In G2 (infected/untreated), parasite DNA was only detected in 1 out of 36 (2.8%) foetal brain 

samples from early abortions on day 8 pi. In addition, cotyledons or foetal lung samples tested 

from early abortions in G2 were PCR negative. By contrast, in the sheep suffering a chronic 

phase abortion on day 45 pi in G2, T. gondii DNA was detected in 4 out of 6 placental 

cotyledons (66.6%), and in all (9/9) foetal brain and foetal lung samples examined belonging to 

three foetuses. DNA samples from the mummified foetus were degraded and therefore PCR 

could not be carried out. In the infected/treated group G1, parasite DNA was neither detected in 

any of the samples from the placenta (cotyledons) nor the lambs (brain and lung tissues).  

DISCUSSION  

One Health integrative efforts should be practiced for an effective control of T. gondii infections 

in humans and animals [35, 36]. Preventing human exposure by reducing T. gondii in meat 
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producing animals along with mitigating the risk of oocyst-acquired toxoplasmosis in humans, 

domestic animals, and wildlife are effective preventive measures [35]. For therapy, it is of great 

importance to identify novel, well-tolerated and efficacious drug candidates for the treatment of 

toxoplasmosis in both humans and animals. 

BKI-1748 exhibits excellent pharmacokinetic properties. Based on the mouse PK and safety 

results [26], sheep were treated orally with a dosing regimen of 15 mg/kg every other day 

(q.o.d.), which resulted in a Cmax of 2-3 μM and trough plasma concentrations of 0.7-0.8 μM. 

Furthermore, a successful drug candidate for the treatment of congenital toxoplasmosis requires 

both systemic maternal and foetal exposure. The foetal BKI-1748 plasma levels of 0.6 μM 

amounted up to around 30% of the plasma concentrations observed in the dams, similar to the 

amount of the compound previously described for BKI-1553 [31].  

The application of BKI-1748 at a dosage of 15 mg/kg did not cause any adverse effects on 

pregnancy outcome in sheep. The resulting Cmax in sheep (2-3 μM) was substantially lower than 

the values previously reported for in vitro toxicity [26, 37]. Zebrafish early life stages have 

emerged as a good alternative for toxicity testing [38]. However, for some BKIs, such as BKI-

1748, detrimental effects on zebrafish embryo development do not correlate with pregnancy 

interference in mice maybe due to maternal health-related factors [37]. For BKI-1748, pregnancy 

interference in mice was observed after administration of 50 mg/kg/day for 5 days while 

treatments at 20 and 5 mg/kg/day were safe [26] and in the zebrafish embryo development model 

detrimental effects were noted at 20 µM and above [37, 39]. BKI-1748 did not inhibit hERG K+ 

-channel activity at levels below 21.5 µM, thus there is no cardiovascular risk associated with 

treatment, and no inhibition at 10 μM was seen against SRC, a mammalian protein kinase with a 

small gatekeeper residue, suggesting little off-target kinase inhibition [25]. In dog cardiovascular 

testing, abnormalities such as positive inotropy, elevated heart rate and cardiac output as well as 

decreased systemic vascular resistance were found at levels above 18 µM [24].  

Treatment in pregnant sheep was initiated at 2 days post-infection, in the same way as BKI-1748 

therapy of T. gondii infection in non- pregnant [25] and pregnant mice [26] and as previously 

reported for BKI-1294 against congenital toxoplasmosis [23] and neosporosis [40] in sheep. 

However, contrary to these treatments in sheep in which 5 doses q.o.d. were administered, 10 

doses of BKI-1748 were applied perorally q.o.d. The reasons for extending the treatment in vivo 

are based on i) the in vitro parasitostatic effect of BKIs [41] and ii) the fact that the lower 

number of doses using BKI-1294 resulted in only partial protection against congenital 

toxoplasmosis [23] and lack of protection against congenital neosporosis [40] due to reactivation 

of the infection after drug clearance. 

Sheep that were infected at mid-pregnancy but non-treated exhibited 100% foetal mortality (87% 

early abortions and 13% classical/late abortions) as previously described  [23, 27]. In contrast, in 

the infected and BKI-1748 treated group all sheep gave birth to healthy lambs that did not differ 

in the birthweights compared to uninfected ones. This full protection against foetal mortality 
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after 23 days of BKI-1748 exposure marks an improvement compared to the previously reported 

71% protection after 13 days of BKI-1294 exposure [23]. BKI-1748 also had shown high 

efficacy against pup mortality in CD1 mice (5.6% pup mortality in treated mice vs 40% pup 

mortality in untreated mice) [26]. However, CD1 mice appeared to be less susceptible in terms of 

offspring mortality than sheep [27].  

Another clinical manifestation of T. gondii infection in sheep is the increase of rectal temperature 

early after primary infection with T. gondii oocysts. In the infected and BKI-1748 treated group 

lower rectal temperatures were observed from day 5 to day 10 pi compared to infected/untreated 

sheep, suggesting a great impact of BKI-1748 on parasite proliferation. However, in the previous 

BKI-1294 study [23], lower rectal temperatures were found only for a shorter time frame and 

with lower statistical significance than in the present study. In both BKI-efficacy studies we 

followed the same infection dose and day of treatment onset and similar plasma levels were 

found, and therefore it can be hypothesized that the better efficacy of BKI-1748 early after 

infection is related to an improved inhibition of parasite proliferation (in vitro EC50 of 43 nM for 

BKI-1748 and of 220 nM for BKI-1294) [21, 26]. The superior efficacy of BKI-1748 early after 

infection compared to BKI-1294 could also have led to the better outcomes in later stages of the 

infection.  

In previous studies assessing the efficacy of BKIs against Neospora caninum [31, 40] and T. 

gondii [23] in sheep higher IFNγ production after in vitro stimulation of blood was found in 

infected and treated animals compared to infected but untreated sheep. Also, in the present study 

significantly higher IFNγ production on day 7 pi was found in blood cell culture supernatants of 

infected and treated sheep after in vitro stimulation with T. gondii antigens, although there was 

high individual variability. Concerning humoral immune responses, all infected but untreated 

sheep seroconverted on days 14-21 pi, similarly as previously described [27]. However, none of 

the infected and BKI-1748 treated sheep showed IgG seroconversion throughout the study. The 

lack of anti-T. gondii IgG after 23 days of BKI-1748 treatment contrasts with the IgG 

seroconversion of half of the animals after 13 days of BKI-1294 in the previous study [23], 

suggesting low or no reactivation of parasite proliferation after BKI-1748 clearance. In contrast 

BKI-1748 treatment in T. gondii infected pregnant mice did not prevent seroconversion [26]. 

The protection of BKI-1748 treatment against congenital T. gondii infection was also evaluated 

through foetal serology and parasite detection in placental and foetal tissues. In the infected but 

untreated animals, as previously described [27], foetuses suffering early abortions were 

seronegative and the parasites were rarely detected by PCR, while foetuses from chronic 

abortions were seropositive and PCR positive. The likelihood of TgShSp1 isolate to be 

transmitted congenitally in pregnant sheep is high since in a previous study all lambs born from 

sheep infected with only 10 oocysts were infected [27]. In the present study, the offspring from 

the infected and BKI-1748 treated group was seronegative and PCR negative, indicating that 

they were born non-infected. This is a clear improvement compared to the 46% infected lambs 

after BKI-1294 treatment [23] and also better protection than previously observed in the 
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pregnant toxoplasmosis mouse model (5.6% positive pups in the treated group vs 63% in the 

untreated group) [26]. The lower protection rate of BKI-1748 in mice [26] compared to sheep in 

terms of offspring mortality and congenital infection, and the lack of seroconversion in sheep in 

contrast to mice, could be due to the more widespread systemic infection at the beginning of the 

treatment in mice. After oral infection with T. gondii oocysts, parasites were already detected in 

the mice placenta at 3 days pi [29], while in sheep there was no placental infection detected at 

day 7 after infection, partly because intestinal transit time is lower in mice [42] than in sheep 

[43].  

The results showed that ten doses of BKI-1748 (15 mg/kg) every two days was safe in pregnancy 

and reached therapeutic systemic levels in the dams and the foetuses. For the efficacy, the 

treatment with the compound led to a full protection against congenital T. gondii infection since 

there was no transmission of the parasite to lambs and, in addition, treated infected sheep did not 

seroconvert. While BKI-1748 appears as a promising candidate for the treatment of 

toxoplasmosis, with satisfactory safety profile for its potential use in humans, follow-up studies 

in the experimental sheep model should define the minimal therapeutic exposure needed for a 

successful therapy. In addition, treatment regimens starting later after infection, after 

dissemination of the parasite in sheep has already taken place, should be evaluated. 
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TABLE 1 Experimental design  

 

 

 P.O.: per os, orally; q.o.d.: every other day 

 

 

Group Number of 
pregnant sheep 

Number of 
foetuses/lambs 

Challenge (P.O.) Treatment (P.O.) 

G1 7 11 1000 TgShSp1 

sporulated oocysts   

BKI-1748, 10 doses at 15 mg/kg q.o.d., 

starting at 48 hours post-infection 
 

G2 8 16 1000 TgShSp1 

sporulated oocysts   

None 

 

G3 5 8 PBS BKI-1748, 10 doses at 15 mg/kg q.o.d. 

 

G4 3 7 PBS 60% Phosal 53 MCT®, 30% PEG400, 10% 
Ethanol 96ºC (vehicle), 10 doses q.o.d.  
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TABLE 2 Haematological and biochemical parameters in sheep treated BKI-1748 and 

untreated 

Parameter (units) 
Reference 

values 

G3 (uninfected/treated)   G4 (uninfected/vehicle alone) 

Initial Intermediate Final  Initial Intermediate Final 

Erythrocytes (x106) 9-14 10.75 ± 0.74 9.72 ± 1.01 9.78 ± 0.97  10.39 ± 1.68 9.87 ± 0.99 9.75 ± 1.03 

MCH 8-12 10.70 ± 0.28 10.76 ± 0.65 11 ± 0.75  10.86 ± 0.45 10.70 ± 0.45 10.90 ± 0.62 

MCHC 30-34 35.20 ± 1.55 34.98 ± 1.06 35.20 ± 1.07  34.16 ± 1.88 33.43 ± 2.02 33.40 ± 1.87 

Haemoglobin (g/dL) 8-15 12.14 ± 1.32 10.86 ± 0.65 11.30 ± 0.62  11.23 ± 1.76 10.56 ± 1.40 10.81 ± 0.95 

Packed cell volume (%) 28-40 34.42 ± 2.85 32.16 ± 3.23 32.80 ± 2.55  32.80 ± 3.38 32.40 ± 2.55 31.70 ± 2.03 

Platelets (x103) 250-750 727.80 ± 205.20 637.80 ± 144.57 590.60 ± 92.96  489.33 ± 232.63 459.66 ± 136.69 377.66 ± 169.28 

Leukocytes (x103) 4-12 5.96 ± 1.04 5.65 ± 0.64 6.04 ± 1.26  6.83 ± 0.38 7.29 ± 0.79 6.72 ± 0.57 

Segment neutrophils (%) 10-50 38.68 ± 5.58 27.56 ± 4.12 34.92 ± 7.33  35.83 ± 6.42 34.03 ± 1.07 39.93 ± 8.31 

Lymphocytes (%) 40-75 50.86 ± 8.20 59.16 ± 5.70 54.26 ± 6.45  53.20 ± 9.85 57.76 ± 1.41 52.13 ± 9.22 

Monocytes (%) 1-6 5.72 ± 1.56 6.72 ± 3.81 7.22 ± 2.06  3.93 ± 2.87 3.03 ± 1.78 3.83 ± 1.05 

Eosinophils (%) 0-15 2.52 ± 2.02 4.20 ± 1.76 2.28 ± 0.89  4.56 ± 1.53 2.56 ± 1.50 2.26 ± 0.72 

Basophils (%) 0-3 0.30 ± 0.20 0.32 ± 0.08 0.20 ± 0.07  0.36 ± 0.05 0.30 ± 0.10 0.20 ± 0.10 

Proteins (g/dL) 6-8 7.06 ± 0.36 6.58 ± 0.11 6.10 ± 0.35  7.30 ± 0.20 6.70 ± 0.52 6.06 ± 0.56 

Albumin (g/dL) 3-4.5 3.34 ± 0.23 3.08 ± 0.17 2.98 ± 0.21  3.43 ± 0.11 3.10 ± 0.10 3.16 ± 0.11 

AST (UI/L) 70-210 142.40 ± 37.38 100.60 ± 23.90 91.80 ± 25.26  93.33 ± 7.09 89.66 ± 18.92 74 ± 8.62 

GGT (UI/L) 36-93 58.60 ± 10.87 55.20 ± 12.15 59 ± 12.44  53.33 ± 7.23 46.66 ± 4.50 47 ± 5.29 

ALP (UI/L) 44-355 269.80 ± 92.21 255.60 ± 43.24 312.40 ± 104.70  209 ± 64.50 298.66 ± 137.53 266.33 ± 139.34 

CK (UI/L) 50-180 159.40 ± 69.93 107 ± 26.30 75.80 ± 17.36  144.66 ± 107.77 85 ± 23.64 75.66 ± 10.11 

Urea (mg/dL) 8.4-30.8 12.42 ± 3.46 6.58 ± 1.57 6 ± 1.68  12.03 ± 3.43 7.66 ± 1.20 13.53 ± 7.35 

Creatinine (mg/dL) 0.9-1.7 1.24 ± 0.15 1.04 ± 0.05 0.96 ± 0.05  1.53 ± 0.41 1.40 ± 0.34 1.16 ± 0.46 

Calcium (mg/dL) 7.1-9.8 9.98 ± 0.31 8.86 ± 0.96 9.82 ± 0.77  10.06 ± 0.60 9.73 ± 0.49 9.43 ± 0.15 

Phosphorus (mg/dL) 3.5-7.3 6.58 ± 1.13 4.54 ± 0.65 6.22 ± 1.15  6.13 ± 1.96 4.76 ± 0.94 5.63 ± 1.09 

Sodium (mEq/L) 139-152 148.20 ± 1.30 149 ± 3.53 150.60 ± 1.67  147.66 ± 1.15 148.66 ± 0.57 151.33 ± 1.15 

Potassium (mEq/L) 3.9-5.2 5.26 ± 0.31 5 ± 0.18 5.14 ± 0.76  5 ± 0.45 4.70 ± 0.20 4.20 ± 0.43 

Values are represented as Means ± S.D.   
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FIGURES 

FIG 1 Chemical structure of BKI-1748.  
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FIG 2 BKI-1748 plasma concentrations in the infected/uninfected dams (A) and the 

foetuses (ratio dams/foetuses) (B). Mean + S.D. at the different sampling times are 

represented.    
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FIG 3 Rectal temperatures of T. gondii infected and uninfected sheep, receiving or not 

receiving the treatment with BKI-1748. Each point represents the mean + S.D. for each 

group. Horizontal dashed line indicates the upper threshold for physiological rectal 

temperature in sheep. For significant differences, (*) indicates P < 0.05, (**) indicates P < 

0.01 and (****) indicates P < 0.0001.    

 

FIG 4 Kaplan–Meier foetal survival curves in T. gondii infected and uninfected sheep, 

receiving or not receiving the treatment with BKI-1748. Each point represents the 

percentage of surviving animals at that day, and downward steps correspond with observed 

deaths. For significant differences between foetal survival curves of infected groups, (****) 

indicates P < 0.0001.    
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FIG 5 IFNγ in supernatants of peripheral blood cell cultures (A) and anti-T. gondii IgG 

levels in serum (B). In A, concentrations of IFNγ are expressed in pg/mL. In B, anti-T. 

gondii IgG levels are expressed in relative index percent (RIPC). Each point represents the 

mean + S.D. at the different sampling times for each group. Horizontal dashed line in B 

indicate the cut-off (RIPC ≥ 32.71). For significant differences between infected groups, (*) 

indicates P < 0.05, (***) indicates P < 0.001 and (****) indicates P < 0.0001.  

 

 
  

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiad470/7331060 by BIBLIO

TEC
A D

E LA FAC
U

LTAD
 D

E G
EO

G
R

AFIA E H
ISTO

R
IA D

E LA U
N

IVER
SID

AD
 C

O
M

PLU
TEN

SE user on 07 N
ovem

ber 2023


