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1. Intro duc tion

Neos pora cani num is an obli gate intra cel lu lar pro to zoan that 

causes abor tion and eco nomic loss in the cat tle indus try. There 

are still many aspects of the life cy cle of N. cani num that remain 

unknown. At pres ent only the dog and coy ote are proven defin i tive 

hosts (Mc All is ter et al., 1998; Gon dim et al., 2004) but the recent 

find ing of oo cysts in the fae ces of the red fox sug gests this may 

also be a defin i tive host (Wa penaar et al., 2006). There is cur rently 

much spec u la tion about the role wild life may play as a res er voir of 

infec tion (e.g. Gon dim, 2006). Recent find ings indi cate that small 

mam mals such as mice (Mus do mes ti cus and Mus mus cu lus), rats 

(Rat tus nor vegi cus) and wood mice (Apode mus syl vat i cus) may be 

nat u ral inter me di ate hosts (Hu ang et al., 2004; Hughes et al., 2006; 

Jen kins et al., 2007; Fer ro glio et al., 2007; Barr att et al., 2008). Inves-

ti ga tion of risk fac tors asso ci ated with bovine neo spor o sis in Nor-

mandy (France) found the pres ence of rab bits and/or ducks were 

a risk fac tor for sero pos i tiv ity in dairy cat tle (Ould-Am rouche et al., 

1999). To our knowl edge there has been no inves ti ga tion of the 

prev a lence of N. cani num in wild rab bits in the UK, and only one 

pre vi ous sero log i cal study in rab bits in Spain (Al mería et al., 2007). 

In this lat ter study no evi dence of expo sure to the par a site was 

detected in rab bits. The closely related par a site Tox o plasma gon dii 

has been more exten sively stud ied and has been found to be a nat u-

rally occur ring infec tion of wild rab bits in Europe (e.g. Hej licek and 

Lite rak, 1994; Al mería et al., 2004; Fig ue ro a-Ca stillo et al., 2006). 

The objec tives of this study were to inves ti gate the prev a lence and 

co-infec tion of N. cani num and T. gon dii, using PCR tech niques, 

in a nat u rally infected pop u la tion of wild rab bits from North ern 

England; the tis sue dis tri bu tion of N. cani num in rab bits and the 

range of strain types of T. gon dii pres ent in this sam ple of rab bits.

2. Mate ri als and meth ods

2.1. Col lec tion of sam ples and DNA extrac tion

Rab bits (Oryc tol a gus cunic u lus) n = 57 were col lected from 

within 2 km of Mal ham Tarn in the York shire Dales over a three 
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year period. All rab bits were nec rop sied at Mal ham Tarn Field 

Cen tre and tis sue was taken from five areas of the brain, one each 

from the fore, mid and hind cere brum, one from the cer e bel lum 

and one from the cor pora quadr i ge min a. In some rab bits (n = 42) 

sam ples were also col lected from the heart, liver and tongue. 

In all cases sam ples were col lected using clean, ster ile instru-

ments with great care being taken to exclude con tam i na tion 

either between sam ples or from the envi ron ment as described 

pre vi ously (Wil liams et al., 2005). Approx i mately 1 g of tis sue 

was placed in a ster ile tube con tain ing lysis buffer, and trans-

ferred to the lab o ra tory for DNA extrac tion. DNA was extracted 

as described by Wil liams et al. (2005) using a pro tein ase K lysis 

fol lowed by phe nol chlo ro form extrac tion and eth a nol pre cip i ta-

tion method. DNA was resus pended in 100 ll of TE buffer, pH 8.0 

and stored at 4 °C.

2.2. PCR detec tion of Neos pora cani num

Detec tion of Neos pora cani num was car ried out by a nested 

PCR ampli fi ca tion of the Nc5 region as described in Hughes et al. 

(2006). The Nc5 region has been shown to be highly spe cific to  

N. cani num and is clearly dis tin guish able from T. gon dii (Ka uf-

mann et al., 1996; Ya mage et al., 1996). This method has been 

shown to be extremely sen si tive when used for detec tion of N. 

cani num DNA in the pres ence of host DNA in nat u rally occur-

ring infec tions (Hughes et al., 2006). All PCRs were repeated a 

min i mum of three times at three dif fer ent dilu tions to ensure 

a com pre hen sive sam pling of the test DNA. PCR reac tions were 

con ducted care fully to min i mise con tam i na tion as pre vi ously 

described (Hughes et al., 2006). The PCR prod uct from one 

positive exam ple of each indi vid ual was extracted from the gel 

using the GENE CLEAN 2 kit (Q-BI O gene) cloned using the TOPO 

TA clon ing® kit (Invit ro gen), sequenced (Lark tech nol o gies Inc.) 

to con firm the spec i fic ity of the PCR and also, based on minor 

sequence dif fer ences, to con firm that ampli fied prod ucts are not 

derived from a con tam i na tion source.

2.3. PCR detec tion of Tox o plasma gon dii

Detec tion of Tox o plasma gon dii was car ried out using nested 

PCR ampli fi ca tion of the Sur face Anti gen Gene 1 (SAG1) (Sav va 

et al., 1990) as mod i fied by Mor ley et al. (2005). All sam ples 

were tested a min i mum of 3 times at three dif fer ent dilu tions 

to ensure a com pre hen sive sam pling of the test DNA. PCR reac-

tions were con ducted care fully to min i mise con tam i na tion 

as described pre vi ously (Wil liams et al., 2005; Mor ley et al., 

2005). An exam ple PCR prod uct was sequenced to con firm the 

cor rect ampli fi ca tion of the SAG1 gene (Gen Bank Acces sion No. 

EU700308).

All PCR neg a tive sam ples under went a tubu lin PCR (Terry et al., 

2001), tar get ing host DNA, to con firm the sam ple was suit able for 

PCR.

2.4. Strain typ ing of Tox o plasma gon dii

All sam ples shown to be Tox o plasma gon dii positive by SAG1 

PCR were retested using a SAG3 PCR to deter mine the strain 

type. This nested PCR method allows the dif fer en ti a tion of the 

ampli fi ca tion prod uct into one of three strain types by restric-

tion enzyme diges tion of the PCR prod uct. SAG 3 PCR was car ried 

out as described by Grigg et al. (2001) with minor mod i fi ca tions 

as described below. Each 50 ll reac tion con tained 5 ll of 10£ 

 su per taq buffer (HT tech nol o gies), 0.5 ll dNTP mix (100 mM), 

25 pM each primer and 2.5 units Bi ot aq poly mer ase (Bi o line) In the 

1st round prim ers prim ers SAG3, Fext, CA ACTCTCACCATTCCACCC, 

Rext, and GCGCGTTGTTAGACAAG ACA, and in the 2nd round prim-

ers Fint, TTGTCGGGTGTTCACTCA, Rint, CAC AAGGAGACCGAGAAGGA 

were used. One mi cro li tre of 1st round prod uct was used as tem-

plate for the sec ond round. Cycling con di tions were iden ti cal for 

both rounds of PCR and were as fol lows: an ini tial dena tur ing step 

of 94 °C for 5 min was fol lowed by 35 cycles of 94 °C for 40 s, 60 °C 

for 40 s, 72 °C for 60 s and a final exten sion step of 10 min at 72 °C. 

Sam ples were ampli fied on a Rob o cy cler 96 (Strat a gene). Ampli fi-

ca tion prod ucts (10 ll) were elec tro pho re sed on an ethi dium bro-

mide stained 2% aga rose gel and vis u al ised on an Alpha imager 

1220. Positive PCR reac tions were fur ther ana lysed by restric tion 

enzyme diges tion with NciI and Al wNI as fol lows, 13 ll PCR prod-

uct, 1.5 ul buffer 4 (NEB) and 0.5 ll enzyme (NEB) were incu bated 

at 37 °C for 4 h to over night. Prod ucts were elec tro pho re sed on a 

2.5% aga rose, ethi dium bro mide stained, gel visu al ized on an Alpha 

imager 1220.

3. Results

The prev a lence of Neos pora cani num infec tion by PCR anal y-

sis can be seen in Table 1. N. cani num DNA ampli fied suc cess fully 

from brain tis sue from 6 of the 57 rab bits tested giv ing a prev a-

lence of 10.5%. To ensure that Neos pora neg a tiv ity was not due 

to a fail ure of PCR ampli fi ca tion, all sam ples were tested using a 

mam ma lian tubu lin PCR reac tion to ensure that suc cess ful ampli fi-

ca tion could be achieved—in all cases suc cess ful ampli fi ca tion was 

achieved (data not shown). The results of 1 Neos pora PCR ampli fi-

ca tion exper i ment is shown in Fig. 1. Sequence anal y sis of cloned 

PCR prod ucts con firmed the ampli fi ca tion of the Nc5 region in 

Table 1

Fre quency of infec tion and co-infec tion of Neos pora cani num and Tox o plasma gon dii 

in the brain tis sue of nat u rally infected rab bits

Tox o plasma positive  

(%)

Tox o plasma neg a tive  

(%)

Total (%)

Neos pora positive  

 (%)

5 (8.8%) 1 (1.8%) 6 (10.6%)

Neos pora neg a tive 

 (%)

34 (59.6%) 17 (29.8%) 51 (89.4%)

Total (%) 39 (68.4%) 18 (31.6%) 57 (100%)
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Fig. 1. Ampli fi ca tion of N. cani num DNA by nested PCR. (Lane 1) neg a tive con trol, (lane 2) positive con trol, (lane M) 1 kbPlus marker (invit ro gen) (lanes 3–12) 10 dif fer ent 

rab bit brain sam ples. Note the positive PCR ampli fi ca tion in (lane 5).
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