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with the sequences included in the MST reference 
database containing C.  burnetii genotypes from 
countries in Europe and other parts of the world 
using BLAST; the new sequences were deposited in 
the available database on the website: http://ifr48.
timone.univ‑mrs.fr/MST_Coxiella/mst/group_detail.

Results 

Arthropods
IS1111 target was detected in 84 of the 88 (95.45%) 
investigated ticks from C. burnetii seropositive farms 
with Ct value being between 21.12 and 39. Positive 
samples included 52 of 54 (96.3%) R. annulatus, 
20  of  21 (95.24%) R. turanicus, 6 of 6 (100%) 
H. anatolicum, 5 of 6 (83.3%) R. sanguineus and 1 of 1 
R. bursa (Table III).

Milk
Among 282 milk samples from seropositive 
ruminants, IS1111 DNA had been detected in 9 of 86 
(10.47%) cattle, in 6 of 93 (6.45%) sheep and in 
12 of 103 (11.65%) goat specimens, as indicated in 
previous study (Dabaja et al. 2019). 

MST
Because of the low amount of DNA, it was possible to 
perform MST genotyping in 84 IS111 positive ticks and 
2 IS111 positive milk samples only (Tables III and IV). 
As result of this study, three previously described 
genotypes and two incomplete ones were identified 
(Tables III and IV). Of the 15 positive ticks, 10 hosted 
the MST 2 genotype, 4  the MST 7 genotype and 
1 the MST 57 incomplete genotype. Of the 2 positive 
milk samples, one was infected with the known 
MST 20 and the other one with the incompletely 
characterized MST 58 (Tables III and IV).

MST 2 genotype was widely found in different 
genera and species of ticks from South Lebanon 
and Nabatieh; MST 7 was identified in R. annulatum 
and R. turanicus from Bekaa and Akkar whereas MST 
20 was detected in the cow milk samples in Bekaa 
region (Table III).

MST 57 and MST 58 genotypes, incompletely 
characterized probably due to the low DNA 
concentration, were found in one tick and one goat 
milk sample from Nabatieh and Bekaa, respectively  
(Table III). 

Discussion
Almost all the collected ticks (95.45%) from 
C.  burnetii seropositive ruminant farms in Lebanon 

limited sample size used in this step was due to the 
low amount DNA remaining from each specimen to 
perform the MST.

Multi‑spacer typing was performed on IS1111 
positive specimens using a set of primers targeting 
10 variable spacers (Cox: 2; 5; 18; 20; 22; 37; 51; 56; 
57; 61) according to previous study (Glazunova et al. 
2005). Five µL of DNA preparation was amplified in 
a 50 µL reaction mixture containing 0.2 µM of each 
primer, 0.05 mM (each) dATP, dTTP, dCTP and dGTP; 
1.25 U Taq Polymerase; MgCl2 2.5 mM and 1X Taq 
buffer. DNA from Nine Mile strain of C. burnetii was 
used as positive control. Amplifications were carried 
out using a 2720 thermal cycler (Applied Biosystems) 
according to the following conditions: an hot start 
step of 15 min at 95  °C, followed by 40  cycles of 
denaturation for 1 min at 95 °C, annealing for 30 sec 
at 59  °C, elongation for 1 min at 72  °C and final 
extension for 7 min at 72 °C. 

PCR amplicons were visualized by electrophoresis of 
6 µL of the PCR product with 2 µL of blue loading 
buffer on 1.5% agarose gel (0.5xTBE) with SyberSafe 
under UV light. PCR products were purified via 
vacuum filtration through the NucleoFast 96 PCR 
Plate (Thomas Scientific, Dueren, Germany), as 
described by the manufacturer. 

Sequencing reactions were carried out using the 
Big Dye Terminator Cycle Sequencing kit (Applied 
Biosystems). Four µL of purified PCR were added to 
a 10 µL reaction containing 0.5 µL primers, 1.5 µL 
Big Dye buffer, and 1 µL Big Dye. The sequencing 
reaction was run in a thermal cycler as follows: an 
initial denaturation step of 1 min at 96 °C followed 
by 25 cycles of denaturation for 10 sec at 96  °C, 
annealing for 5 sec at 50 °C and elongation for 5 min 
at 60 °C, followed by a final step at 15 °C. Sequencing 
reactions were purified using Millipore Sephadex 
plates (Millipore, Billerica, Massachusetts) as per the 
manufacturer’s instructions, and stored at 4 °C until 
analyzed. Sequencing reactions were analyzed on 
an ABI 3130X Genetic Analyser (Applied Biosystems) 
and sequence assembly performed using the 
multisequence align software Chromaspro (v.2.1.1).

The obtained sequences were further compared 

Table II. Percentage of ticks positive for IS1111 detection by 
real‑time PCR.

Tick species No. of positive 
ticks 

Percentage of positive 
ticks (95%CI)

Rhipicephalus annulatus 52/54 96.3% (91.1-100)

Rhipicephalus turanicus 20/21 95.3% (94.88-95.72)

Rhipicephalus sanguineus 5/6 83 % (53-100)

Rhipicephalus bursa 1/1 -

Hyalomma anatolicum 6/6 100%
CI = Confidence interval




