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loop-mediated isothermal amplification assay 
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Abstract 

Background: This study was conducted to detect the presence of T. gondii in milk and blood samples using three 
different assays: enzyme‑linked immunosorbent assay (ELISA), polymerase chain reaction (PCR), and loop‑mediated 
isothermal amplification assay (LAMP). Whole blood, serum, and milk samples were collected from goats (n = 156), 
sheep (n = 261), and camels (n = 108) in different governorates in Egypt from December 2019 to February 2021 and 
screened by ELISA for anti‑Toxoplasma IgG antibodies before DNA extraction. The target T. gondii DNA gene was 
detected and evaluated using the LAMP assay compared to PCR.

Results: T. gondii antibodies were found in milk and serum samples at the rates of (29.26%) and (36.58%) in camels, 
(34.18%) and (35.89%) in sheep, and (33.7%) and (36.36%) in goats, respectively. Similar to PCR, the percentages of 
LAMP tests for the detection of the T. gondii DNA gene in milk and blood samples of camels, sheep, and goats were 
(4.8, 14.63), (6.83, 7.69), and (7.79, 9.09), respectively. LAMP’s sensitivity for detecting T. gondii in milk and blood sam‑
ples, which was identical to that of PCR, was 100%.

Conclusions: The findings clearly demonstrated that there were no variations in T. gondii detection capabilities 
in milk and blood samples from various animals using both PCR and LAMP tests. It provides a quick, precise, and 
sensitive method of detecting T. gondii in a variety of samples that may be used both in the field and in laboratory 
diagnosis.
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1  Background
T. gondii infection is prevalent worldwide in both animals 
and humans [1]. The definitive hosts of this parasite are 
domestic and wild felids while its intermediate hosts are 
mammals and birds [2]. Cats spread oocysts in the envi-
ronment where they contaminate food and water with 
oocysts and tachyzoites that infect intermediate hosts 
such as livestock and humans [3, 4]. Previous studies have 
reported the possibility of the presence of tachyzoites in 
the milk of goats and sheep [5–7]. Toxoplasma gondii 

is a major cause of abortion in farm livestock [8]. Toxo-
plasmosis can be diagnosed using a variety of methods, 
including ELISA, latex agglutination tests, and molecular 
techniques [9–11]. However, serological methods have 
limitations in detecting specific antibodies in early infec-
tion, and IgM is not detected during the reactivation of 
re-infection [12]. Although polymerase chain reaction 
(PCR) is a sensitive method, it is not used in clinical lab-
oratory diagnosis due to the high cost of materials and 
the time required for judging results by gel electropho-
resis. Therefore, there is still a need to develop a simple, 
rapid, and cost-effective method of detecting T. gondii in 
different samples of humans and animals [13]. Serologi-
cal tests are preliminary tests that detect parasites, while 
conventional polymerase chain reaction (PCR) is the gold 
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standard for the detection of T. gondii in biological sam-
ples from animals because its high sensitivity and reliabil-
ity. However, the major disadvantage of these methods is 
that they are quite time-consuming and do not provide 
quantitative results. The real-time PCR assay is the tech-
nique of choice for T. gondii diagnosis and is preferred to 
conventional PCR. The rapidity, simplicity, and ease of 
application of results of immunochromatographic tests 
(ICTs), coupled with the fact that no special equipment 
is required, make ICT suitable for the field application 
of T. gondii in different biological samples [14, 15]. The 
real-time PCR (qPCR) technique is well known for its 
concurrent detection and quantification of extracted T. 
gondii–DNA gene amplicon. This technique has signifi-
cantly shortened time and has comparable performance 
to cPCR, which is machine-dependent, often expensive, 
and requires regular maintenance.

The LAMP assay is one of the molecular methods 
used in various fields for the diagnosis and identifica-
tion of infectious agents. It is a promising assay that has 
highly specific and sensitive amplification of DNA to 
detect infectious agents [16]. Our study aimed  to opti-
mize the LAMP assay for the detection and identification 
of  T.  gondii  DNA in blood and milk samples of camels 
and small ruminants.

2  Methods
2.1  Samples and study area
A total of 525 blood samples were collected in two vaca-
tioner tubes (one with EDTA anticoagulant for molecular 
assays and the other without anticoagulant for serum col-
lection) from lactating (n = 235), non-lactating (n = 201), 
and male (n = 89) camels, sheep, and goats from Decem-
ber 2019 to February 2021 in different governorates (Beni 
Suef, Giza, Monufia, Alexandria, Sharqia, Matruh, and 
Faiyum) in Egypt. Blood samples were collected from the 
jugular vein and left at room temperature for 30 min to 
separate serum samples from the clotted blood cells then 
centrifuged at 3000  rpm for 10  min to separate serum. 
After centrifugation, each serum sample was transferred 
into plastic freezing vials with leak-proof screw caps. 
Sera were separated, labeled, and kept at − 20  °C until 
they were examined serologically for T. gondii infection. 
However, whole blood samples with EDTA were stored 
at -20  °C until the DNA used for molecular diagnosis 
was extracted from them. Similarly, milk samples (5  ml 
to 10  ml) were collected from lactating female camels, 
sheep, and goats (n = 235) under sterile conditions; teats 
were cleaned and wiped prior to sample collection in a 
sterile single-use plastic bottle and immediately trans-
ported at 4  °C to the laboratory in a cool box with ice 
packs. The sample was divided into two parts and kept 
at a temperature of 20  °C until it was used. The  frozen 

milk samples were thawed at room temperature and cen-
trifuged at 3000 rpm for 10 min. The clear fraction was 
examined for anti-T. gondii antibodies.

2.2  Positive and negative controls
The Toxoplasma gondii RH strain was kindly obtained 
from a colony maintained in the Zoonotic Disease 
Department, Veterinary Research Division (VRD), and 
National Research Centre (NRC). Also, positive and neg-
ative control serum samples were kindly provided by the 
Parasitology and Animals Diseases Department, NRC, 
Egypt.

2.3  ELISA assay
The previously collected serum and milk samples were 
prepared and screened for anti-T. gondii antibodies as 
described in the manual kit (Enzyme Immunoassay Test 
Kit, Bio, USA), and modified by [17]. Optimal dilutions 
for ELISA were adjusted using checkerboard titrations 
for sera, antigens, and conjugates. Polystyrene plates 
were coated with 100 μl of antigen/well (soluble antigens 
extracted from the laboratory-prepared-mice-propa-
gated T. gondii RH strain) at 10 mg/ml in coating buffer 
and then incubated overnight at 4  °C. The plates were 
washed three times with phosphate buffered saline (PBS) 
containing 0.05% Tween 80 (PBS Tween) and blocked for 
45 min at 37 °C with carbonate buffer (pH 9.6) containing 
10% BSA in a humid chamber. Following three washes, 
100 ul of serum or milk sample diluted 1:100 in PBS was 
added to the plate, which was then incubated for 1 h at 
37 °C. After washing as above, 100 ul of HRP (horserad-
ish peroxidase)-protein A conjugate (Mark-Germany) 
diluted 1:3000 in blocking buffer was added to the wells 
and incubated at 37  °C for 1  h. After washing, 100 ul 
of the substrate (0.4  mg/mL of O-phenylenediamine 
(OPD), 0.0125% hydrogen peroxide in 0.1 M sodium cit-
rate buffer, pH 5.0) was added and left for 10 to 15 min 
at room temperature in a dark place. The reaction was 
stopped with 100 ul per well of 0.5 M sulfuric acid and 
then read for optical density (OD) at 490 nm in a micro-
plate ELISA reader. All samples were run in triplicates. 
Each plate contained three positive and three negative 
reference serum samples. The samples were considered 
positive when their OD was greater than or equal to the 
cutoff value. The positive samples were subjected to con-
firmation by PCR and LAMP.

2.4  DNA extraction
The extraction of the genomic DNA of T. gondii from 
milk and uncoagulated blood samples of different ani-
mals was carried out using the technique proposed by 
[18]. The DNA/RNA extraction kit (iNtRON, Korea) was 
used according to the manufacturer’s instructions. DNA 
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concentration and purity were measured using the tech-
nique by [13]. Prior to DNA extraction, concentration 
was carried out by centrifugation at 6000 rpm for 10 min. 
To avoid interference by casein, 1  ml of pellets was 
treated with 200 μl TE [1 mM EDTA, 10 mM Tris–HCl 
(pH = 7.6)] and 300 μl 0.5 M EDTA (pH = 8), after which 
it was suspended and centrifuged at 6000 rpm for 10 min. 
Somatic cells were diluted in 200 μl of PBS, and DNA was 
extracted from both blood and milk somatic cells using 
the DNA extraction kit (iNtRON) according to the man-
ufacturer’s instructions.  The DNA purity was measured 
according to the method described by [13]. The extracted 
DNA was stored at − 20 °C until it was used. Toxoplasma 
DNA from tachyzoites and tissue cysts was extracted 
from RH Toxoplasma tachyzoites, which were counted 
using a hematocytometer, and, afterward, used in a serial 
limited dilution method from 1 ×  105 to 1 ×  10−1 tachy-
zoite. Also, the RH T. gondii strain was used as a posi-
tive control, and sterile deionized water was used as a 
negative control. The DNA pellet was dissolved in 50 μl 
of TE and stored at − 20 °C until it was used.

2.5  PCR amplification
The Toxoplasma gondii B1 gene was amplified using 
primer sets designed from genes (5OB1/F 5′-GGA ACT 
GCA TCC GGT TCA TGAG-3′ and 2 OB1/R 5′-TCT TTA 
AAG CGT TCG TTC -3′) [5]. The following reaction mix-
ture (25 μL) was added to a PCR tube and DNA ampli-
fication was done in a final volume of 20  μl (10  μl of 
2 × PCR master mix, 1  μl of each primer, 2  μl template 
DNA (25 ng), and up to 6 μl of nuclease-free water were 
mixed in a PCR tube). Amplification was performed 
as follows: denaturation (95  °C/2  min) and 40 cycles 
consisting of denaturation (95  °C/1  min), annealing 
(55  °C/30 s), and extension (72  °C/45 s) and final exten-
sion (72 °C/10 min). The PCR product was evaluated by 
electrophoresis at 80 V/15 min and finally examined with 
a UV transluminator, and a 100 bp DNA ladder was used 
as a marker.

2.6  LAMP reaction for detection of the DNA
The LAMP reaction was performed according to the 
method proposed by [19]. We used four primers for 
the LAMP assay, targeting six conserved regions of 
T. gondii DNA as shown in Table 1. The (F3): outer for-
ward primer, (B3): outer backward primer, (FIP): for-
ward inner primer and backward inner primer (BIP) 
are designed by the Primer Explorer Program (http:// 
prime rexpl orer. jp/ elamp4. 0.0/ index. html). Two sets of 
each of the four primers are listed in  Table  1. We per-
formed LAMP in a total of 25-μL  containing primer 
mix (1μL) that contained 40  pmol  of  FIP  and BIP each, 
20 pmol of F3 and B3 each, 12.5 μL of the reaction buffer 
(New England Biolabs), 2μL of DNA, and 6.5 μL of nucle-
ase-free water. The mixture was incubated at 66 °C for 1 h 
before being heated to 80 degrees Celsius for 5 min.

2.7  Analytical sensitivity and specificity of the LAMP assay
The primer sequences were selected to specifically 
amplify the AF and/or RE primer sequence for the T. 
gondii genome as described previously. The AF or RE 
was diluted tenfold serially as  109 copies to 1 copy to 
determine the sensitivity of the LAMP assay. Besides, 
tachyzoites of T. gondii RH strain harvested from 
mice were counted on a hemocytometer and diluted 
as 30, 25, 20, 15, 10, 5, and 1 tachyzoites RH strain in 
400 μL of PBS. For the LAMP assay, genomic DNA 
was extracted from the 400-μL sample solution with a 
DNA extraction kit. We used T. gondii -DNA positive 
strains (strains RH), as well as positive T. gondii–DNA 
from Tissue cyst Toxoplasma RH, Toxoplasma RH 
(tachyzoites) mice, Toxoplasma (tachyzoites) bovine, 
Toxoplasma First, in a reaction containing Tissue s cyst 
Toxoplasma RH, Toxoplasma RH (tachyzoites) mice, 
Toxoplasma (tachyzoites) bovine, Toxoplasma (tachy-
zoites) small ruminants, Toxoplasma (tachyzoites) 
equines, and Toxoplasma RH (tachyzoites) SPF-DNA, 
National Research Centre, Veterinary Research Insti-
tute, Egypt. DNA extracted from E. coli, Staphylococcus 

Table 1 Nucleotide sequences of LAMP primers (AF and RE) designed in this study

Primer Gene Sequence (5′–3′)

AF‑F3 AF 529‑bp DNA repeat element (AF) GTT GGG AAG CGA CGA GAG 

AF‑B3 ACA GTG CAT CTG GAT TCC TC

AF‑BIP CCG GTG TCT CTT TTT CCA CCC TTC GGA GAG GGA GAA GAT GTT 

AF‑FIP CCT CGT GGT GAT GGC GGA GAT CCC TTC GTC CAA GCC TC

RE‑F3 RE gene GTT GGG AAG CGA CGA GAG 

RE‑R3 CAG TGC ATC TGG ATT CCT 

RE‑BIP CTC GTG GTG ATG GCG GAG ATT TTC GTC CAA GCC TCC GAC TCT G

RE‑FIP CGG TGT CTC TTT TTC CAC CCT TTT TTC GGA GAG GGA GAA GAT GTTT 

http://primerexplorer.jp/elamp4.0.0/index.html
http://primerexplorer.jp/elamp4.0.0/index.html
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spp, Salmonella species, Giardia lamblia, N. caninum 
(provided from the Parasitology and Animals Diseases 
Department, NRC, Egypt) has also been used to prove 
the specificity of the Toxoplasma LAMP assay.

2.8  Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 
(version 17.0; SPSS, Inc, USA) was used to analyze the 
collected data. The McNemar test was used to compare 
the sensitivity of the LAMP assay with PCR. Receiver 
operating characteristic (ROC) curve analysis and area 
under the curve (AUC) were used to determine clinical 
sensitivity and specificity.

3  Results
The rates of Toxoplasma gondii detection in sheep, goats, 
and camels’ lactating female serum samples in the differ-
ent governorates (Beni Suef, Giza, Monufia, Alexandria, 
Sharqia, Matruh, and Faiyum) in Egypt by ELISA were 
42/117 (35.89%), 28/77 (36.36%), and 15/41 (36.58%), 
while the rates of T. gondii detection in milk samples were 
2/41 (4.8%), 8/117 (6.83%), and 6/77 (7.79%), respectively. 
The prevalence of T. gondii was higher in male goats than 
in sheep; 18/31 (58%) and 15/31 (48.3%), respectively. In 
lactating and non-lactating females, the rates were 18/48 
(37.5%) and 45/113 (33.98%), respectively, as illustrated 
in Figs. 2 and 3. The rates of T. gondii antibodies byELISA 
were 5/27 (18.51%), 14/40 (35%), and 15/41 (36.58%) of 
male, non-LF, and LF of camel serum samples as shown 
in Fig. 1.
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Fig. 2 Serodiagnosis of T. gondii in milk and serum samples collected from sheep at different governorates in Egypt by ELISA



Page 5 of 10Zeedan et al. Beni-Suef Univ J Basic Appl Sci            (2022) 11:1  

3.1  Specificity of the LAMP reaction
The designed four LAMP primers in Table  2 were used 
to amplify the AF and/or RE fragment(s) from extracted 
DNA from parasites, including E.  coli, Staphylococcus 
spp, Salmonella species, Giardia lamblia, N. caninum, 
Tissue Oocyte Toxoplasma RH, Toxoplasma RH (tachy-
zoites) mice, and Toxoplasma (tachyzoites) bovine. 
First, in a reaction containing Tissue cyte Toxoplasma 
RH, Toxoplasma RH (tachyzoites) mice, Toxoplasma 

(tachyzoites) bovine, Toxoplasma (tachyzoites) small 
ruminants, Toxoplasma (tachyzoites) equines, and Tox-
oplasma RH (tachyzoites) SPF-DNA, clear changes in 
their viable colors were seen. While using DNA from 
other protozoa (E. coli, Staphylococcus spp, Salmonella 
species, Giardia lamblia, N. caninum) and negative con-
trol SPF with PBS pH 7.2, negative control proteineal 
fluid from mice inoculated with PBS as the template, no 
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Fig. 3 Examination of serum and milk samples by ELISA for the detection of T. gondii in goats at different governorates in Egypt

Table 2 Evaluation results of LAMP and PCR specificity for the detection of Toxoplasma B1 gene

Table 2 shows that the designed four LAMP primers were used to amplify the AF and or RE fragment of extracted DNA from pathogens, including E. coli, 
Staphylococcus spp, Salmonella species, Giardia lamblia, N. caninum, Tissue cyst   Toxoplasma RH, Toxoplasma RH (tachyzoites) mice, Toxoplasma (tachyzoites) 
bovine and negative control SPF. with PBS pH 7.2, negative control proteineal fluid from mice inoculated with PBS as the template, no such target was observed. It 
is suggested that the LAMP assay with target-specific primers were showed high specificity in the detection of T. gondii. LAMP assay sensitivity: The LAMP assay’s 
sensitivity was tested by detecting DNA amplification with various copies, ranging from 101 to 106. The sensitivity of LAMP was also tested using genomic DNA 
isolated from various quantities of tachyzoites as templates. When genomic DNA from at least five tachyzoites was used, the amplified DNA fragments were visible. 
Although there was no DNA product in the condition with only one tachyzoite’s genomic DNA, there was no visible change in the reactions of the amplified target 
segment. According to the results, the LAMP assay was very sensitive in detecting Toxoplasma even with only 10 copies of the target fragment or five tachyzoites in 
the sample

DNA extraction PCR LAMP

Toxoplasma B1 gene Specificity Toxoplasma B1 gene Specificity

E. coli − 100% − 100%

StaphylococcusSpp − −
Salmonella species − −
Giardia lamblia − −
N. caninum − −
Tissue Oocyte Toxoplasma RH + +
Toxoplasma RH (tachyzoites) mice + +
Toxoplasma (tachyzoites) bovine + +
 Toxoplasma (tachyzoites) small ruminants + +
Toxoplasma (tachyzoites) equines + +
Toxoplasma RH (tachyzoites) SPF + +
Negative control  (dH2O) − −
Negative control SPF with PBS pH 7.2 − −
Negative control proteineal fluid from mice inoculated 
with PBS

− −
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such target was observed. It is suggested that the LAMP 
assay with target-specific primers showed high specific-
ity in the detection of T. gondii. Table  2 shows that the 
designed four LAMP primers were used to amplify the 
AF and or RE fragment from extracted DNA from para-
sites, including E.  coli, Staphylococcus spp, Salmonella 
species, Giardia lamblia, N. caninum, Tissue Oocyte 
Toxoplasma RH, Toxoplasma RH (tachyzoite) mice, Tox-
oplasma (tachyzoites) bovine and negative control SPF 
with PBS pH 7.2, negative control proteineal fluid from 
mice inoculated with PBS as the template, no such target 
was observed. It is suggested that the LAMP assay with 
target-specific primers showed high specificity in the 
detection of T. gondii.

3.2  LAMP assay sensitivity
The LAMP assay’s sensitivity was tested by detecting 
DNA amplification with various copies ranging from 
 101 to  106. The sensitivity of LAMP was also tested using 
genomic DNA isolated from various quantities of tachy-
zoites as the template. When genomic DNA from at least 
5 tachyzoites was used, the amplified DNA fragments 
were visible. Although there was no DNA product in the 
condition with only one tachyzoite’s genome DNA, the 
amplified target segment did not show any visible change 
in reactions. According to the results, the LAMP assay 
was very sensitive in detecting Toxoplasma even with 
only 10 copies of the target fragment or five tachyzoites 
in the sample. A total of 525 clinical samples from appar-
ently normal animals were subjected to examination by 
cPCR and LAMP assays. After analyzing the samples 
using the PCR assay, 63 (12%) and 462 (88%) of the sam-
ples were found to be positive and negative, respectively, 
for T. gondii, as shown in Table 3. Also, the cPCR using 
the B1 gene primer sequence products of the 63 posi-
tive samples showed 100% identity. Then, both the pre-
vious positive and negative samples were analyzed by 
the LAMP assay, with different primers, the AF and/or 
RE primer, AF-LAMP, and RE-LAMP. The previous 63 
positive samples were all proven to be positive for the 
Toxoplasma AF-LAMP and RE-LAMP assays as shown 
in Tables  2 and 3. So, the detection rate using LAMP 
primers was identical to that obtained using conven-
tional PCR. While positive PCR results (15%, 15%, and 
20%) were obtained in male, non-LF, and LF blood sam-
ples collected from camels, similar results were obtained 
using the LAMP assay, which examined the same sam-
ples as shown in Table 2 and Fig. 4.

Table  3 clearly shows that the prevalence of T. gondii 
in sheep and goat milk samples was (26, 40%). While T. 
gondii antibodies were detected in 12/41 (29.26%) of the 
examined camel milk samples as shown in Figs. 1, 2, and 

3, the seropositive samples were subjected to further 
examination using PCR and LAMP, and the DNA of T. 
gondii was found to be 2/41 (4.8%) in camel milk, 8/117 
(6.83%) in sheep milk, and 6/77 (7.79%) in goat milk as in 
shown in Table 4.

3.3  A comparison between LAMP and conventional PCR 
was conducted

Conventional PCR and LAMP tests were used to exam-
ine 525 clinical samples from different animals that were 
apparently normal. After cPCR analysis, 63 (12%) and 462 
(88%) of the samples were determined to be positive and 
negative, respectively, for T. gondii, as shown in Tables 2 
and 3. The LAMP assay was used to examine positive and 
negative samples using different primers (AF-LAMP and 
RE-LAMP). Toxoplasma AF-LAMP and RE-LAMP tests 
were identical to cPCR results as in (Table 4). The results 
of examining 235 blood and milk samples from different 
animals by cPCR were 22 (9.36%) and 16 (6.8%), indicat-
ing that the detection rate by LAMP primers was identi-
cal to that obtained using conventional PCR as shown in 
Table 4.

4  Discussion
Toxoplasmosis is an important zoonotic parasitic disease 
transmitted from fields to any animal or human through 
the contamination of pasture with  T. gondii  oocytes 
of infected cats’ faces [7]. T. gondii  oocytes shed from 
cat’s  faces from 4 to 14  days after infection  [20]. Goats 
and sheep feed on green pastures contaminated with  T. 
gondii oocytes. The present study revealed that the high 
incidence of T. gondii  in lactating  goats’ and lactating 
sheep’s milk, but not in lactating camel milk, is due to the 
difference between the types of pastures of small rumi-
nates and the camels in different governorates as shown 
in Figs. 1, 2, and 3. These findings are in line with those of 
[16]. It is reported that the camels feed mainly on the dry 
matter that is present in the desert, and this feed fairway 
is contaminated by cats’ feces, which is the main source 
of Toxoplasma oocytes. In the present study, the preva-
lence of  T. gondii  in serum samples of male and female 
camels, sheep, and goats was determined by ELISA. The 
rates of contamination, which were 15/31 (48.3%), and 
18/31 (58%), were higher in males than in lactating and 
non-lactating females, 18/48 (37.5%), and 45/113 (39.8%), 
respectively. The rates of T. gondii antibody detection in 
the serum samples of camels were 5/27 (18.51%), 14/40 
(35%), and 15/41 (36.58%) in males, non-LF, and LF, 
respectively, in different governorates in Egypt as shown 
in Figs. 1, 2, and 3. The prevalence reported in our study 
is slightly lower than the one found by Saad et  al. [17]. 
The prevalence rates in sheep and goats are lower than 
those detected in two separate studies (64.34% and 64.9%, 
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respectively) conducted in 2009 [18–20]… Seropositivity 
in goats was found to be higher than in sheep, and the 
selective feeding habits of goats may be explained the 

high seroprevalence detected in this species. The preva-
lence identified in a similar study in goats in another 

Table 3 Detection of Toxoplasma gondii in serum, whole blood samples collected from camels, sheep, and goat by ELISA, PCR, and 
LAMP

LF: lactating female; Non-LF, Non-lactating female (dry or young female); M, Male

This table shows clearly that in the different sexes, male and female (lactating and non-lactating female), of camels, sheep, and goats, the prevalence of T. gondii was 
higher in male 15/31 (48.3%), 18/31 (58%) sheep and goats compared to lactating and Non-LF females 18/48 (37.5%), 45/113 (39.8%). The serological prevalence of T. 
gondii antibodies in camels was 5/27 (18.51%), 14/40 (35%), and 15/41 (36.58%) in male, Non-LF, and LF camel sera. Meanwhile, PCR positive results (15%, 15%, and 
20%) in male, Non-LF, and LF blood samples collected from camels were similar to those obtained using the LAMP assay when examining the same samples

 Sensitivity = True positive
True positive+False negative × 100

Sensitivity LAMP assay on blood samples = 22/22 + 0 * 100 = 100%

Sensitivity LAMP assay on milk samples = 16/16 + 0 * 100 = 100%

 Specificity = True negative
True negative+False positive × 100

Specificity LAMP on blood samples = 213/213 + 0 * 100 = 100%

Specificity LAMP on milk samples = 219/219 + 0 * 100 = 100%

 Positive predictive value =
True positive

True positive+False positive × 100

Positive predictive value of LAMP assay on blood samples = 22/22 + 0 * 100 = 100%

Positive predictive value of LAMP assay on milk samples = 16/16 + 0 * 100 = 100%

 Negative predictive value =
True negative

True negative+False negative × 100

Negative predictive value of LAMP on blood samples = 213/213 + 0 * 100 = 100%

Negative predictive value of LAMP on milk samples = 219/219 + 0 * 100 = 100%

Species Types No I- ELISA
 + ve %

PCR with primer of B1 gene
 + ve %

LAMP with 
primer @@(AF 
and RE)
 + ve %

Camels LF 41 15 (36.58) 6 (14.6) 6 (14.6)

Non‑LF 40 14 (35) 8 (10) 8 (10)

M 27 5 (18.51) 4 (14.8) 4 (14.8)

Sheep LF 117 42 (35.89) 9 (7.6) 9 (7.6)

Non‑LF 113 45 (39.8) 12 (10.6) 12 (10.6)

M 31 18 (58) 6 (19.35) 6 (19.35)

Goat LF 77 28 (36.6) 7 (9.09) 7 (9.09)

Non‑LF 48 18 (37.5) 5 (10.4) 5 (10.4)

M 31 15 (48.3) 6 (19.35) 6 (19.35)

Total – 525 200 (38.09) 63 (12) 63 (12)

Sensitivity LAMP = True positive / True positive + False negative *100 63/63 + 0 * 100 100%

Specificity LAMP = True negative /True negative + False positive *100 137/137 + 0 * 100 100%

Fig. 4 Detection of T. gondii in milk and blood samples by LAMP. Positive reaction turned green under UV light after the addition of a fluorescent 
green dye in tubes, from left to right, respectively: negative control. LAMP assay reaction under daylight without UV light after the addition of the 
fluorescent dye
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country (75%) is significantly higher than the one we 
found in goats in our study [21].

The rates of T. gondii DNA detection by PCR in blood 
samples of camels were 15%, 15%, and 20% in males, non-
LF, and LF, and similar results were obtained using the 
LAMP assay. These results are shown in Table 2 and are 
similar to those obtained by [21]. The results found simi-
lar or slightly higher rates than those [22], who reported 
the seroprevalence of T. gondii in camels’ serum and 
milk samples. They reported that the seroprevalence of 
T. gondii in camels’ serum and milk samples was similar 
to that reported by [23], who stated that the prevalence 
of T. gondii antibodies in camel’s milk was 3.12%. Also, 
they explained that the highest incidence of T. gondii 
occurrence in milk in goats and sheep, but not in camels, 
is due to the difference in the types of pastures of small 
ruminants that feed on green pastures contaminated by 
T. gondii oocytes. Camels feed in the desert dry fodder 
fairway of cats, which is the main source of Toxoplasma 
oocytes [24].

The prevalence of T. gondii in sheep and goat milk sam-
ples by ELISA was 40/117 (34.18%) and 26/77 (33.7%). 
While T. gondii antibody was detected in 12/41 (29.26%) 
of the examined camel milk samples, as shown in Table 3 
and Figs. 1, 2, and 3, the positive samples were subjected 
to further examination using PCR for detection of T. gon-
dii DNA in milk samples of different animals and found 
2/41 (4.8%) in camel milk, 8/117 (6.83%) in sheep milk, 
and 6/77 (7.79%) in goat milk, which can be explained by 
the lower incidence of T. gondii DNA detected by PCR in 
comparison to T. gondii antibodies may be due to the fact 
that IgG antibodies are produced late in the infection, 
and the parasite is localized in the organs and tissues 
rather than circulated in the blood; so, it does get to the 

milk. These findings, which are presented in Tables 3 and 
4, are consistent with those of previous studies [25, 26]. 
The molecular assays are more accurate, sensitive, and 
specific than serological techniques. LAMP was sensitive, 
simple, and fast for DNA amplification; it took less than 
1  h under isothermal conditions at 66  °C. The LAMP 
method has been proven to be very specific for the detec-
tion of T. gondii. Moreover, the LAMP method was much 
more sensitive in detecting T. gondii than other methods, 
and it was also much cheaper. We evaluated the speci-
ficity of the LAMP assay by screening T. gondii genomic 
DNA from other parasites. No cross-reactivity with E. 
coli, Staphylococcus spp, Salmonella species, Giardia 
lamblia, or N. caninum DNA samples was detected. The 
detection limit of this LAMP assay was five tachyzoites, 
which was similar in sensitivity to the PCR target at the 
B1 gene as shown in Tables 2 and 3. Also, it used several 
primers that recognize six to eight regions of the target 
DNA that eliminate the nonspecific binding of primers 
and are easily detected from the negative amplifications 
without the need for any gel electrophoresis to judge 
results [27].

In the present study, we detected T. gondii DNA in milk 
and blood samples of different animals by LAMP. The 
positive reaction medium turned green under UV light 
after a fluorescent dye was added as shown in Fig. 4. The 
results were obtained without the need for any gel elec-
trophoresis or gel-documentation system, which reduces 
the amount of time required to evaluate the results. 
While the LAMP reaction tube under daylight without 
UV light gave white turbidity in the end product, this 
may be due to the magnesium pyrophosphate produced 
during the reaction, which leads to the production of a 
visible white precipitate. These results and explanations 

Table 4 Comparative between ELISA, PCR, and LAMP for detection of T. gondii in milk and blood samples from lactating female of 
camels, sheep and goat

LF:  lactating female;   Non LF: Non lactating female (dry or young female); M: Male

This table shows clearly that the prevalence values of T. gondii in sheep and goat milk samples were 26% and 40%, respectively. However, the T. gondii antibody was 
detected in 12/41 (29.26%) of examined camel milk samples. As seen in Table 4, the seropositive samples were subjected to further examination using PCR and LAMP. 
The DNA of T. gondii was detected in milk samples of 2/41 (4.8%) camels, 8/117 (6.83%) sheep, and 6/77 (7.79%) goats

Species Types No ELISA PCR LAMP

Sera Milk Blood Milk Blood Milk

 + Ve %  + ve %  + ve %  + Ve %  + ve %  + ve %

Camels LF 41 15/41 (36.58) 12/41 (29.26) 6/41 (14.63) 2/41 (4.8) 6/41 (14.63) 2/41 (4.8)

Sheep LF 117 42/117 (35.89) 40/117 (34.18) 9/117 (7.69) 8/117 (6.83) 9/117 (7.69) 8/117 (6.83)

Goat LF 77 28/77 (36.36) 26/77 (33.7) 7/77 (9.09) 6/77 (7.79) 7/77 (9.09) 6/77 (7.79)

Total num‑
ber of LF 
from dif‑
ferent ani‑
mals

235 85/235 (36.17) 78/235 (30.12) 22/235 (9.36) 16/235 (6.8) 22/235 (9.36) 16/235 (6.8)
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are in line with those of previous studies [11, 16]. The 
obtained results revealed that the incidence of Toxo-
plasma gondii antibodies as detected by ELISA in sheep 
milk samples was 39.66%. Lower values were reported by 
many authors who showed that the prevalence of Toxo-
plasma gondii was 5.94% in ovine milk samples by an 
ELISA test in Iran, and they found that the prevalence of 
anti-Toxoplasma gondii IgG antibodies in the raw milk of 
sheep was 3.76%.

The results shown in Tables 3 and 4 demonstrate that 
the LAMP assay is highly sensitive in the detection of T. 
gondii DNA in blood samples (100%), is relatively easy, 
and does not require advanced technical skills or expen-
sive equipment. This result is in agreement with those of 
previous studies [11, 19]. However, LAMP seems to be 
extremely sensitive to contamination; as such, it should 
be performed in a biological safety cabinet type I as a 
separate part for LAMP. The LAMP assay (AF-LAMP 
and RE-LAMP) and cPCR using the B1 gene primer are 
similar, and the LAMP assay was carried out according 
to the reported general reaction conditions. Several sam-
ples were judged as positive via our LAMP assay, indicat-
ing surprisingly high sensitivity and specificity values, 
which are by far the most similar to those of conventional 
PCR at 100%, as shown in Tables 3 and 4. In this study, T. 
gondii DNA was detected in camel milk samples at 2/41 
(4.8%), the lowest detection rate of DNA in milk samples 
relative to whole blood samples among different animal 
species, indicating that all seropositive animals do not 
secrete T. gondii tachyzoites into their milk, which could 
be a limiting factor for PCR results as in Table 4, and this 
result is in agreement with the results of previous stud-
ies [22, 28]. The high seropositivity and the presence of 
parasite DNA in milk led to the conclusion that T. gondii 
infection is present in the sheep population and that there 
is a risk of the human population becoming infected due 
to the consumption of raw, natural milk. Hill and Dubey 
[17] found Toxoplasma gondii DNA in 6.05% and 2.7% 
of the raw goat milk samples using the PCR technique 
in Brazil. The prevalence of Toxoplasma gondii DNA in 
naturally infected milk samples n in Italy was 13% [17]. 
However, Egyptian researchers estimated that Toxo-
plasma gondii DNA was present in 8% of goats from rural 
areas in Sharkia, Egypt. Meanwhile, a higher prevalence 
was recorded; the prevalence of Toxoplasma gondii DNA 
was 32.56% in goat milk from a farm in Slovakia. These 
variations in results may be attributed to the immune sta-
tuses of the animals, the timing of the infection, and the 
genetic compositions of the host and the organism. Also, 
the explanation is in line with those of several authors 
[17] who reported that the rate of occurrence of tachy-
zoites in the milk of naturally infected sheep was 6.5% of 
T. gondii DNA in milk samples. Observing turbidity with 

the naked eye or adding intercalating dyes to the reac-
tion tube after amplification is generally used to identify 
LAMP findings. However, these procedures need some 
expertise or the use of UV light to evaluate the outcome. 
Products may be easily spotted by visual examination 
when using LAMP products, reducing the reaction time 
and allowing the assay to be utilized for field-testing. 
Furthermore, because it is introduced before amplifica-
tion, the LAMP test reduces the likelihood of false posi-
tives due to aerosol contamination [22, 28]. As a result, 
the LAMP method proposed here looks to be a potential 
alternative to cPCR for T. gondii detection; hence, this 
approach appears to be a potential alternative to cPCR 
for the identification of T. gondii DNA in blood samples 
(100 percent) in various species. T. gondii DNA was iden-
tified in blood and milk samples, as reported by previ-
ous studies [11–13]. However, for the examination of 
blood and milk samples, LAMP and cPCR findings were 
in perfect agreement. Because blood appears to be the 
transport channel for tachyzoites between body tissues, 
molecular tests are valuable for the early diagnosis of T. 
gondii in asymptomatic animals. Finally, the LAMP assay 
can be considered as one of the most accurate, specific, 
sensitive, and rapid diagnostic assays for early T. gondii 
tachyzoite detection in milk and blood samples.

5  Conclusions
Toxoplasmosis is a major public health problem and 
continues to be a risk to human and animal health 
due to its presence in animal milk and milk byprod-
ucts. The prevalence of T. gondii by ELISA was higher 
in males than in females of camels and small ruminants 
that represent a source of Toxoplasma infection, so ani-
mals  should be  examined by serological tests to help 
in monitoring and controlling of infection spreading. 
LAMP assay only requires a water bath or heat-block. 
Also, visual detection of amplification products, supe-
rior or similar to  PCR,  can be  an alternative assay for 
other diagnostic methods. Finally, the LAMP assay is a 
promising, simple, cheap, and rapid diagnostic tool for 
the diagnosis of active  T.  gondii  in different animals’ 
samples.
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