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Abstract：Background: Wolbachia sp. is an endosymbiotic bacterium that is widespread among ar-
thropods and filarial nematodes. It affects the fertility and maturation of its arthropod hosts, which 
in some cases are vectors of infectious diseases of humans and animals. Acanthocheilonema recondi-
tum is a canine filarial nematode, which can eventually infect humans through arthropods. An out-
break of A. reconditum has been reported recently in dogs in the southwest of Colombia, specifically 
in Cali. In addition, Wolbachia sp. is currently used for the biological control of the mosquito Aedes 
egypti in cities in the north and south-west of Colombia. Aedes egypti is a vector of dengue fever, a 
major public health disease in tropical and subtropical areas of the world. The objectives of this 
study were to detect Wolbachia sp. in mosquito and flea samples collected from dogs in southwestern 
Colombia and to determine the co-infection of Wolbachia sp. and A. reconditum in the recent outbreak 
of canine filariasis in Santiago de Cali. 

Methods: A total of 18 mosquitoes of the genera Aedes and Culex and 18 Ctenocephalides felis fleas 
were collected in Santiago de Cali and nearby municipalities. DNA was extracted and 16S rRNA 
and ftsZ gene fragments were identified using conventional and nested polymerase chain reaction. 
In addition, the presence of Wolbachia sp. was analyzed in 55 cases positive for A. reconditum previ-
ously detected in the city, using the same molecular techniques. 

Results: From the analysis of 18 mosquitoes and 18 fleas, using molecular techniques based on the 
16S rRNA and ftsZ genes, Wolbachia sp. was detected in all the arthropods analyzed. Wolbachia sp. 
was not detected in the samples obtained from dogs infected with A. reconditum. 

Conclusions: Molecular analyses were shown to be effective for the identification of Wolbachia sp. 
in mosquitoes and fleas but not in samples positive for A. reconditum. 
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Background 
Wolbachia sp. is a gram-negative obligate endosymbiotic bacterium, which belongs to 

the family Anaplasmataceae and the order Rickettsiales [1] and infects a wide variety of ar-
thropods and filarial nematodes [2, 3]. A frequency of infection by Wolbachia sp. of 40% to 
66% has been reported in different arthropods [4, 5]. Because of its intracellular location 
in the gonads of arthropods [6], Wolbachia sp. can cause reproductive alterations and de-
velopmental changes in its host, such as cytoplasmic incompatibility, induction of 
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parthenogenesis, male-killing, feminization of males, and manipulation of the meiotic 
process [7–10]. Till date, Wolbachia pipientis is the only species that has been formally de-
scribed [11]; however, it can be classified in different clades. Eighteen monophyletic line-
ages or supergroups have been reported [1].  

Wolbachia sp. infections can protect insects against a variety of pathogens, including 
bacteria, viruses (Zika, dengue), nematodes, and malaria-causing parasites, which has 
motivated its use in the biological control of vector-borne diseases [12-15]. In some arthro-
pods, especially in some species of mosquitoes, the prevalence of Wolbachia sp. can be 
higher than 90%. For instance, in natural populations of Aedes albopictus in China, 
Wolbachia sp. was detected in 93.36 % of mosquitoes by analysis of the 16S rRNA and wsp 
genes [16]. 

Wolbachia sp. is a mutualistic symbiont of filarial nematodes of the family Onchocer-
cidae [17]. Acanthocheilonema reconditum is a nematode of growing importance in veterinary 
medicine, which infects dogs and causes asymptomatic-to-mild pathologies and is mainly 
transmitted by Ctenocephalides felis [18]. In a recent outbreak of filariasis in southwestern 
Colombia, A. reconditum was detected using molecular analysis in most cases recorded in 
2018–2019 [19]. Wolbachia sp. has been widely associated with canine filarial species such 
as Dirofilaria immitis [20]; however, few reports exist on the relationship between Wolbachia 
sp. and A. reconditum. Wolbachia sp. was found in up to 82.45% (47/57) of domestic dogs 
infected with filarial species, such as D. immitis, Brugia pahangi, and B. malayi, in the Bang-
kok Metropolitan Region, Thailand [21]. The objectives of this study were to detect 
Wolbachia sp. and to perform its molecular characterization in a cohort of cases positive 
for A. reconditum and in some potential vectors (fleas and mosquitoes) in the city of Cali. 

Methods 
Ethical statement 

All procedures described in this study were previously approved by the Ethics Com-
mittee for Experimental Use and Animal Care of the Universidad ICESI (CIECUAE) with 
registration number 0019/2020. 

Study location and sampling 
Mosquito and flea sampling and DNA extraction 

A total of 18 mosquitoes (56% A. aegypti and 44 % Culex spp.) and 18 fleas (100% C. 
felis) were collected in Santiago de Cali, Palmira, and Jamundí, in the Valle del Cauca De-
partment, Colombia. The mosquitoes were collected randomly inside and outside house-
holds following instructions by El Servicio Nacional de Erradicación del Paludismo [22]. 
The fleas were collected from dogs older than 3 months of age; pregnant females were 
excluded. First, the animals were brushed, and the fleas were immobilized with 70% eth-
anol. The fleas were then placed in Eppendorf tubes and stored at −20°C until DNA ex-
traction. Genomic DNA (gDNA) was extracted from arthropod whole bodies according 
to the Vanderbilt University protocol [23]. 

Positive cases for canine microfilariasis and DNA extraction 
Fifty-five samples positive for A. reconditum had been previously collected from dog 

blood in an outbreak of canine filariasis throughout August 2018–August 2019. DNA was 
extracted using the Thermo Scientific™ GeneJET ™ DNA Purification Kit. DNA concen-
tration and quality were assessed by measuring absorbance (A260/280 and A260/230) us-
ing Thermo Scientific NanoDrop One/Onec Microvolume UV-Vis Spectrophotometers. 

Identification of Wolbachia sp. using polymerase chain reaction (PCR) 
DNA samples from mosquitoes, fleas, and dogs positive for microfilariasis were used 

for the detection of Wolbachia sp. through PCR amplification of 16S rRNA and ftsZ gene 
fragments. A 438 bp fragment of the 16S rRNA gene was amplified with conventional PCR 
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using the Wspec-F (5′-CATACCTATTCGAAGGGATAG-3′) and Wspec-R (5′-
AGCTTCGAGTGAAACCAATTC-3′) primers [27]. Each 25-µL PCR reaction contained 2 
µL DNA (20–200 ng/µL), 0.02X Taq 2X Master Mix (New England Biolabs), and 5 mM of 
each primer. The PCR conditions were 94°C for 2 min; 30 cycles of 94°C for 30 s, 55°C for 
45 s, and 72°C for 1 min; and a final extension at 72°C for 10 min. A fragment of the ftsZ 
gene was amplified with nested PCR using two sets of primers. In the first amplification 
round, the Wol1-fwd (5′-CCTGTACTATATCCAAGAATTACTG-3′) and Wol1-R (5′-AC-
TATCCTTTATATGTTCCATAATTTC-3′) primers were used to amplify a 167-bp frag-
ment. In the second round, a 147-bp fragment was amplified using the Wol7-fwd (5′-
GGTGGAAATGCTGTGAATAAC-3′) and Wol7-R (5′-AGCACCGAGCCCTTTAG-3′) pri-
mer set [28]. The PCR mix for the ftsZ gene was the same as that described for the 16S 
rRNA gene, with the exception of the concentration of primers (0.1 mM each). The PCR 
temperature cycling conditions for the first round were as follows: 95°C for 4 min; 40 cy-
cles of 94°C for 30 s, 51°C for 30 s, and 72°C for 30 s; and a final extension at 72°C for 5 
min. The second round differed only in the annealing temperature (57°C). Wolbachia sp. 
DNA provided by collaborators at Vanderbilt University was used as a positive control; 
molecular biology-grade water was used as a negative control. PCR products were ana-
lyzed by electrophoresis on 1.5% agarose gels and stained with Diamond™ (Promega) for 
visualization. 
Results 
Molecular identification of Wolbachia sp. in DNA samples from mosquitoes and fleas using PCR 

Wolbachia sp. was detected in all mosquito (18/18) and flea (18/18) samples using PCR 
amplification of 16S rRNA and ftsZ gene fragments (438 bp and 147 bp, respectively) (Figs. 
1−4). 

 

 

 

 

 

Figure 1. Electrophoresis gel for the molecular identification of Wolbachia sp. in mosquito DNA sam-
ples using PCR amplification of a 16S rRNA gene fragment. Size marker (M), positive control (PC), 
mosquito DNA samples (1–9), negative control (NC). 

 

 

 

 

Figure 2. Electrophoresis gel for the molecular identification of Wolbachia sp. in flea DNA samples 
using PCR amplification of a 16S rRNA gene fragment. Size marker (M), flea DNA samples (1-10), 
positive control (PC), negative control (NC). 
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Figure 3. Electrophoresis gel for the molecular identification of Wolbachia sp. in mosquito DNA sam-
ples using nested PCR amplification of an ftsZ gene fragment. Size marker (M), positive control 
(PC), mosquito DNA samples (1-10), negative control (NC). 

 

 

 

 

Figure 4. Electrophoresis gel for the molecular identification of Wolbachia sp. in flea DNA samples 
using nested PCR amplification of an ftsZ gene fragment. Size marker (M), flea DNA samples (1–9), 
positive control (PC), negative control (NC). 

Molecular detection of Wolbachia sp. in DNA samples from positive cases for canine 
microfilariasis  

The 16S rRNA and ftsZ genes were not detected in any of the 55 gDNA samples from 
dog’s positive for A. reconditum. Therefore, co-infection of A. reconditum and Wolbachia sp. 
in the recent filariasis outbreak in Cali was discarded. 

Discussion 
Wolbachia sp. is an obligate endosymbiont of arthropods and nematodes of the family 

Onchocercidae [9, 24]. It can trigger mechanisms that allow for metabolic complementation, 
enhancement or increase of biochemical versatility and the pathways of one or both or-
ganisms [25-26]. This bacterium is naturally found in insects such as mosquitoes of the 
genus Culex [27] and has been recently identified in a population of A. aegypti in Coimba-
tore, India [28]. Likewise, it is an endosymbiont of fleas, which are essential for human 
and animal health because they are vectors of pathogens, such as Rickettsii typhi, Rickettsia 
felis, and Bartonella spp., around the world [29–33]. Wolbachia pipientis has been recently 
proposed as a biocontrol agent to mitigate the reproduction of the A. aegypti mosquito 
[28], one of the main vectors of diseases such as dengue, chikungunya, zika, and yellow 
fever [34-35]. The increased impact of these infectious diseases, especially dengue, in Latin 
America in the last two decades [36] has required the implementation of new control 
methodologies. Aedes aegypti mosquitoes carrying Wolbachia sp. were released in the cities 
of Bello and Medellín (northwestern Colombia) in 2018 [34] and in Cali in 2019. The pur-
pose of the latter was to reduce the transmission of dengue because Cali accounted for 
approximately 20% of the total number of cases reported in Colombia in 2016 [37]. 
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In this study, Wolbachia sp. was identified in all DNA samples from Culex and Aedes 
mosquitoes and C. felis fleas using the 16S rRNA and ftsZ genes. Wolbachia sp. is a natural 
endosymbiont of arthropods and can be found in up to 66% of this phylum [5]. In addition, 
other studies using the same species have identified the bacterium through PCR amplifi-
cation of the 16S rRNA, ftsZ, and wsp genes [27-28, 38]. It is important to note that prior to 
this study, A. aegypti mosquitoes carrying Wolbachia sp. laboratory methods had been re-
leased in the city of Cali, which could have contributed to the results observed, because is 
the first time this vector is reported. 

Wolbachia sp. could not be detected by PCR amplification of the 16S rRNA and ftsZ 
genes in gDNA samples extracted from the blood of 55 A. reconditum positive cases. How-
ever, we found that, two blood sample from dogs with Dirofilaria immitis were amplified 
for Wolbachia by these two methods (16S rRNA and ftsZ). This result is in agreement with 
that of previous studies that failed to detect the bacterium in A. reconditum [20, 39]. The 
fact that the DNA was extracted from the blood of dogs with microfilariae, but not from 
adult (mature) forms of filariae, could explain the observed results. Furthermore, because 
the DNA samples were not purified, both canine and microfilaria DNA were present, 
which may have hindered the release of the intracellular bacterial molecule. Laidoudi et 
al. [39] also used canine blood samples to identify Wolbachia sp. and microfilariae and were 
able to detect the bacteria in cases positive for D. immitis and Brugia sp. but not in cases 
positive for A. reconditum. Casiraghi et al. [20] suggested that the absence of Wolbachia sp. 
in A. reconditum could be the result of the loss of the bacterium during evolution, along 
some lineages of filarial nematodes. We consider that to discard or confirm the endosym-
biotic relationship between Wolbachia sp. and A. reconditum, the bacterial DNA purifica-
tion strategy should be improved and adult specimens of the filariae should be evaluated 
to increase the probability of detection if present. Although A. reconditum is not considered 
pathogenic in dogs, three cases affecting the human eye have been reported, two of them 
in Turkey, and one in Australia [39]. 

Conclusions 
Wolbachia sp. was detected in both flea and mosquito samples collected from natural 

environments in the city of Cali and some neighboring cities. Wolbachia sp. co-infection 
could not be detected in DNA samples positive for A. reconditum with the PCR techniques 
used. We believe that the methods to obtain DNA from intracellular bacteria should be 
optimized to accurately analyze the association between Wolbachia sp. and A. reconditum. 
Our research is an important contribution to human and veterinary public health because 
it provides information on the distribution of bacteria of great interest for the control of 
vectors that transmit tropical viral diseases, as well as for the distribution of potential in-
fectious agents containing Wolbachia sp. 

Abbreviation 
PCR: polymerase chain reaction 
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