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Abstract

Objectives The aim of the present study was to assess the frequency of hemoplasma, feline immunodeficiency
virus (FIV) and feline leukemia virus (FelV) infections in cats living in an on-campus shelter and free-roaming cats
within a university campus in Brazil.

Methods Blood samples were tested using quantitative PCR for hemoplasma, FIV and Fel V. Positive hemoplasma
samples were sequenced. Associations between hemoplasma detection and living situation, sex, flea and/or tick
parasitism, and coinfection with FIV and FelV, were assessed using Fisher’s exact test and the respective odds
ratios were calculated.

Results Overall, 6/45 (13.3%) cats tested positive: four (8.9%) were infected with ‘Candidatus Mycoplasma
haemominutum’ and two (4.4%) with Mycoplasma haemofelis. All positive samples were from free-roaming cats (6/15;
40.0%) and had statistically significantly lower packed cell volumes (P=0.037). Although 5/23 (21.7%) males and 1/22
(4.6%) females were positive, no statistically significant association between sex and hemoplasma infection was found
(P=0.19). Viral quantitative PCR (gPCR) was performed on 43/45 samples, among which 2/43 (4.7%) were positive
for FIV and none for FelV. Only one cat (2.3%) was coinfected with hemoplasma and FIV (P=0.26). In addition, 4/6
(66.7%) cats that tested positive for hemoplasmas were infested by fleas (P=0.0014) and/or ticks (P=0.25).
Conclusions and relevance These results show that even if the free-roaming cat population is clinically healthy
and has adequate access to food, it may present flea infestation and hemoplasma infection with lower packed cell
volume values.
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Introduction

Hemotropic mycoplasmas (hemoplasmas) are small
pleomorphic bacteria that infect the erythrocytes of
several mammalian species, including cats.? The trans-
mission cycle has not been completely elucidated.
Although fleas®® and ticks® have primarily been impli-
cated in hemoplasma transmission, blood transfusion
and aggressive contact may also be transmission routes.”
Although most hemoplasma infections are asymptomatic,
clinical signs — depending on the hemoplasma species —
have been described, including fever and hemolytic
anemia,® which can be severe in susceptible and immuno-
suppressed animals.!

Mycoplasma haemofelis (Mhf),° ‘Candidatus Mycoplasma
haemominutum’” (CMhm),"° ‘Candidatus Mycoplasma
turicensis’ (CMtc)” and ‘Candidatus Mycoplasma haema-
toparvum-like’! have been identified as infecting cats
worldwide, with variable pathogenicity. Mhf is the most
pathogenic species to infect cats.! The zoonotic poten-
tial of hemoplasmas has also been reported in associa-
tion with arthropod vectors’? and immunosuppressed
individuals.’® Coinfections with multiple hemoplasma
species may also occur.!4-16

Despite worldwide distribution, the prevalence of
feline hemoplasmas has been found to be geographically
variable. The prevalence of hemoplasmas infecting cats
ranges from 8.5% to 13.2% among animals in European
countries,41517.18 from 25.4% to 38.05% in Asia,!%-2! from
3.1% to 23.3% in North America??? and from 0.24% to
7.8% — depending on the mycoplasma species — in
Chile.?* Hemoplasma prevalence has been extensively
studied in Brazil, with prevalence ranging from 6.5% to
36.4% in different regions.8102>-28 Previous studies in
Brazil evaluated the prevalence of hemoplasma infection
among free-roaming cats, which ranged from 32% to
40%,%>?8 and among domiciled cats, which ranged from
6.5% to 35.5%.26%7

Given that feline retroviruses have been mostly asso-
ciated with immunosuppression, hemoplasma may be
aggravated by coinfection with feline leukemia virus
(FeLV) and feline immunodeficiency virus (FIV), thereby
impairing effective treatment and prognosis.?’ While
FelV is associated with a greater severity of illness,
FIV infection may increase the risk of coinfections.?”
Unsurprisingly, retrovirus infection has been associated
with higher hemoplasma infection worldwide.!41517.21-23

Accordingly, the aim of the present study was to
assess hemotropic mycoplasma infections, potential
associated risk factors and coinfections among free-
roaming and shelter cats living on a major university
campus in southeastern Brazil.

Materials and methods

Study area

Blood samples were acquired from cats living on the
campus of the ‘Luiz de Queiroz” School of Agriculture,

University of Sdo Paulo, located in Piracicaba, Sao Paulo,
Brazil (22°42'37.4" S; 47°37'58.3" W). According to the
campus administration, the free-roaming cat population
was estimated to be 250 animals at the time of the study.3
The present study was approved by the Ethics Committee
for Animal Use of the Federal University of Parana (pro-
tocol no. 103/2017).

Blood sample and tick/flea collection

The two cat populations comprised 51 cats living in an
on-campus shelter and the estimated 250 free-roaming
cats within the campus limits.3® Cats were caught, and
sampling was carried out between July and October 2017.
These samples were also screened for other pathogens,
as previously reported.®3! Free-roaming cats were
caught by means of bait-trapping, in cages distributed
throughout the university area, followed by physical
restraint and blood sampling through jugular vein
puncture. A total of 30/51 shelter cats (58.8%) and 15/250
free-roaming cats (6%) were caught and sampled. Sample
sizes ranging from 2% to 80% of the cat population have
been described in previous studies; thus, the present
study focused on 27-124 cats (simple random sampling
with 95% confidence and 5% precision).’! The relatively
low number of free-roaming cats sampled reflected
difficulties in catching them, as previously documented
in studies conducted on feral cats.??

The sampled cats were examined for ticks and fleas;
when found, these were collected and preserved in
isopropyl alcohol, followed by taxonomic identification
using morphological keys.3?

Molecular analyses

DNA extraction was performed using a commercial
kit (Illustra Blood Genomic Prep Mini Spin Kit; GE
Healthcare), following the manufacturer’s recommen-
dations. A quantitative PCR (qPCR) was performed to
identify the presence of feline hemoplasma, FIV and
FeLV infection using SYBR Green detection. The qPCR
for detecting feline hemoplasmas included 0.6ul
(10pM) of forward 5'-ATACGGCCCATATTCCTACG-3'
and reverse HBT-R 5-TGCTCCACCACTTGTTCA-3'
primers,3* 10l 2 X SYBR Green PCR master mix (qPCR
Master Mix GoTaq; Promega), 4.8 ul nuclease-free water
and 4 pl of the DNA sample. DNA from a cat blood sam-
ple positive for Mhf and nuclease-free water were used
as positive and negative controls, respectively.

For the detection of FIV and FeLV, each qPCR assay
included 0.4 pl (10 pM) of each specific primer: forward
qFIV-Sdeg 5-RTGGTTYACAGCCTTYTCDGC-3' and
reverse qFIV-ASdeg 5-GGTACGATCATAYTCWGC
TGTCA-3"; or forward FFeLV-U3 5-AACAGCAGA
AGTTTCAAGGCC-3" and reverse RFeLV-U3 5-TTA
TAGCAGAAAGCGCGCG-3/, respectively.® The qPCR
for FIV and FeLV included 10ul 2 X SYBR Green PCR
master mix (Promega GoTaq qPCR Master Mix), 4.2l
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nuclease-free water and 5l of the sample. A cat blood
sample positive for FIV and FeLV and nuclease-free
water were used as positive and negative controls,
respectively.

All qPCR runs used the same cycling conditions,
including an initial denaturation at 95°C for 5mins,
followed by 40 cycles at 95°C for 15s and also at 60°C for
1min, followed by the melting curve using the AriaMX
real-time PCR system (Agilent). Samples were consid-
ered positive for feline mycoplasma if Ct <34 with a
melting temperature of 83°C. Regarding FIV and FeLV,
samples were considered positive if Ct < 34 with melting
temperatures of 80°C and 85.5°C, respectively.

PCR product sequencing

For the hemoplasma-positive samples, a conventional
PCR was performed using the following primers: 16S_
HAEMOforw 5-GGCCCATATTCCT(AG)CGGGAA
-G3" and 16S_HAEMOrev 5-AC(AG)GGATTACTAGT
GATTCCA-3'3¢ These targeted the 165 rDNA gene of
Mycoplasma species (~1000 base pairs). The reaction con-
tained 1X commercial mix (GoTaq Green Master Mix;
Promega), 0.6 ul of each primer (10pM), 8.8 ul nuclease-
free water and 5pl of DNA sample. The cycling condi-
tions were 94°C for 3mins, followed by 35 amplification
cycles at 94°C for 45s, 59°C for 45s and 72°C for 905, with
a final extension of 10mins at 72°C carried out in the Verti
thermal cycler (Applied Biosystems). The amplified prod-
ucts were separated by means of electrophoresis on 1.5%
agarose gel for 40mins at 100V, and were analyzed using
an ultraviolet light transilluminator (GE-ImageQuant
LAS 500; GE Healthcare Bio-Sciences).

The PCR products were purified using commercial
magnetic beads (Speed Bead magnetic carboxylate-
modified particles, with 0.05% sodium azide; GE
Healthcare). Concentration and purity were evaluated
using a commercial spectrophotometer (NanoDrop;
Thermo Scientific), and amplicons were sequenced in
both directions through the Sanger method. Sense and
antisense sequences were trimmed and assembled using
Geneious Prime (2021). Consensus sequences were then
aligned with Mycoplasma species sequences obtained from
cat samples worldwide, which are available in the
GenBank nucleotide database, using MUSCLE alignment.
The phylogenetic tree was constructed with Geneious
Tree Builder using the neighbor-joining method, includ-
ing 1000 bootstrap replicates and an outlier sequence of
Mycoplasma pneumoniae (GenBank ID: NR041751.1).

Statistical analyses

Statistical analyses were performed with the aim of
detecting associations between hemoplasma infection
and risk variables, including living situation (in a shelter
or free-roaming), sex, flea and/or tick parasitism, and
coinfection with FIV and FeLV. These analyses to find

associated risk factors were performed using Fisher’s
exact test (confidence level = 0.05) and, in cases of statis-
tically significant results (P <0.05), the odds ratio (OR)
and 95% confidence interval (CI). The previous serological
status with regard to Rickettsia species®® and Toxoplasma
gondii®! was also analyzed as an associated risk factor
for hemoplasma positivity. Packed cell volume (PCV)
was evaluated by means of short blood centrifugation
in microhematocrit tubes and measured directly. The
normality of the distribution of PCV values was evaluated
with the Shapiro-Wilk test (alpha=0.05), and compari-
sons were then made using the Student’s t-test (confi-
dence level =0.95). Statistical analyses were performed
using SAS Studio, release 3.8 (SAS Institute).

Results

Overall, 6/45 cats (13.3%; 95% CI 5.18-6.82) were posi-
tive for hemoplasma species, among which 6/15 (40.0%;
95% C17.53-4.47) were free-roaming and 0/30 (0%) were
shelter cats (Table 1). A total of four Amblyomma species
larvae, one Rhipicephalus sanguineus adult and five
Amblyomma sculptum sensu lato nymphs were collected
from the free-roaming cats. No molecular investigation
was performed on the tick samples.

Sequencing analyses showed that 4/45 samples (8.9%)
were infected with CMhm and 2/45 (4.4%) with Mhf spe-
cies. Each positive amplified PCR product was separated
on agarose gel, such that a single band was shown for
each sample, which suggested that there was no hemo-
plasma coinfection. The sequences available in the
GenBank database that showed the highest similarity to
the sequences of the present study were from Italy
(GenBank ID: KR905447.1 [100% identical]; KR905457.1
[97.5% and 99.1%]) and Eurasia (GenBank ID: DQ825456
[99.2%]) for CMhm; and from Thailand (GenBank ID:
KU645929.1 [two samples that were 100% identical]) for
Mhf. These results are illustrated in the phylogenetic tree
(Figure 1).

The situation of being free-roaming was associated
with higher hemoplasma positivity (OR infinite; P <0.001)
and with flea parasitism (OR 37, 95% CI 4.04-338.92;
Fisher’s exact test, P=0.001) (Table 2). No significant
statistical association was found between hemoplasma
qPCR positivity and sex (Fisher’s exact test, P=0.19),
FIV (Fisher’s exact test, P=0.26), or the presence of ticks
(Fisher’s exact test, P=0.25), T gondii (Fisher exact test,
P=0.06) or Rickettsia parkeri (Fisher’s exact test, P=0.38)
(Table 1). Since none of the shelter cats were found to be
positive for hemoplasmas, no calculations or tests of asso-
ciated risk factors were performed.

Differences in the mean PCV values were statistically
significant (Student’s t-test, P=0.037), such that the mean
PCV was 28.2% (95% CI 20-35) for positive cats and
34.6% (95% CI20-35) for negative cats (Table 1). Although
hemoplasmas have been shown to be opportunistic
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Table 1 Feline samples with sex and location information, and packed cell volume (PCV) and quantitative PCR (gPCR)
results

+ =tested positive; —= tested negative; NE = not enough sample; FIV =feline immunodeficiency virus; FelLV = feline leukemia virus

pathogens associated with arthropod-borne diseases,®”  rickettsii (Fisher’s exact test, P=0.07) and anti-R parkeri
previous studies on the same cat population found (P=0.38) antibodies that did not present any associated
anti-T gondii (Fisher’s exact test, P=0.06), anti-Rickettsia  risk factor for coinfection.303!

Downloaded From: https://bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 23 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




Yamakawa et al

Mycoplasma pneumoniae (NR_041751.1)

inut

— Ca. Mycopl (OP621326.1) - Brazil

100

100

98.8

100

8
82.

Ca. My (OP621318.1) - Brazil

99.6

Ca. My (0OP684137.1) - Brazil

76.8

Ca. Mycoplasma haemominutum (DQ825456.1) Lynx lynx - Switzerland

h

Ca. My (OP621317.1) - Brazil
Ca. Mycoplasma haemominutum (KR905447.1) Felis catus - Italy

Ca. Mycoplasma haemominutum (KR905457.1) Felis catus - Italy

Ca. Mycoplasma haemominutum (U88564.1) Felis catus - USA

Ca. Mycoplasma haemominutum (NC_021007) Felis catus - UK

Ca. Mycoplasma turicensis (DQ464425.1) Felis catus - Australia

Ca. Mycoplasma turicensis

Ca. Mycoplasma turicensis (EU839977.1) Felis catus - Italy

Ca. Mycoplasma turicensis (DQ464420.1) Felis catus - UK

(DQ157154.1) Felis catus -Switzerland

h

100

[

felis (OP621327.1) - Brazil

h.

100

87.7|

0.06

Mycoplasma haemofelis (KU645929.1) Prionailurus viverrinus -Thailand
Mycoplasma haemofelis (U88563.2) Felis catus - USA
Mycoplasma haemofelis (NC_017520) Felis catus - USA

Mycoplasma haemofelis (NC_014970.1) Felis catus - UK

felis (OP621319.1) - Brazil

Figure 1 Phylogenetic relationships among 20 hemoplasmas inferred from 16S rDNA gene sequences. The data set was
resampled 1000 times. Bootstrap support values =50% are indicated, and the feline hemoplasmas from the present study
are highlighted in bold. Species names are followed by GenBank accession number, host and country of origin. The tree was

rooted to Mycoplasma pneumoniae (GenBank ID: NR_041751.1)

Discussion

The frequency of hemoplasma-positive free-roaming
cats (n=6/45; 13.3%) found in the present study was
around twice as high as reported in another study —
also conducted in the state of Sdo Paulo — among free-
roaming cats within the area of a zoo, in which the
frequency was 3/46 (6.5%) among clinically healthy
cats.? Nevertheless, the frequency found in the present
study can still be considered low.

Here, the most frequent hemoplasma species was
CMhm (8.9%), followed by Mhf (4.4%). This prevalence
corroborates the findings from previous studies, which
showed a higher prevalence of CMhm than Mhf among
cats, both in Brazil31626 and in other countries.'$21.23 In a
comparative study, CMhm infection (n = 63/594; 10.6%)
was higher than Mhf infection (n =48/594; 8.1%) among
both client-owned and stray cats within a university
campus in Madrid, Spain.'* In addition, a higher hemo-
plasma prevalence was observed among stray cats.!4
CMhm may cause persistent infection and be less viru-
lent than other species.®

Furthermore, the similarity among CMhm and Mhf
165 rDNA sequences reported by the present study,
compared with sequences from different continents,
suggests poor genetic diversity. However, in this study,

and according to most of the published data,®16:1821.23.26
the only sequence analyzed was from the conservative
gene 16S rDNA. Although sequence similarities with
more than 97% similarity between bacterial isolates
based on the 165 rDNA gene suggest that the species are
highly correlated,® a combination of analyses of multi-
ple genetic markers, such as 23S rRNA and rpoB, is a
more suitable option for achieving better phylogenetic
characterization.04!

The FIV positivity observed in the present study
(4.6%) was lower than that seen in a study on domestic
cats in northeastern Brazil (n = 12/200; 6%)* and higher
than among healthy cats treated in a university animal
hospital in southern Brazil (n=2/91; 2.2%).** However,
the lack of FeLV detection indicates that there was no
circulation of the virus, that the infection was at an abor-
tive stage or that there was low qPCR sensitivity.?? Lower
FIV positivity and no FeLV detection could be explained
by the sensitivity of the assay used in the present study
since qPCR detection correlates with circulating viral
loads, and, in some cats, the viral load may have fallen
below the detection limit.** In the present study, no
statistically significant correlation between coinfection
with feline hemoplasma and FIV was detected (P=0.26).
Nonetheless, FIV has already been considered to be a
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Table 2 Feline hemoplasma infection and associated risk factors among cats on a university campus

*Indirect immunofluorescence assay was used to determine serological status30-3!
OR = odds ratio; Cl = confidence interval; FIV = feline immunodeficiency virus; FelLV = feline leukemia virus

significant risk factor for hemoplasma infection among
stray and client-owned cats.*

In the present study, cats infected with hemoplasma
showed significantly lower hematocrit, which was unex-
pected since CMhm has been described as less patho-
genic than Mhf, despite its higher prevalence.! In another
study, also conducted in southern Brazil, similar results
were reported,'® which suggests that a more pathogenic
strain may be circulating in this region of Brazil.

Hematophagous arthropods such as fleas and ticks have
been described as natural vectors of hemoplasmas.?-
In the present study, flea parasitism was associated with
hemoplasma positivity (P=0.0014). The results here are
concordant with those from previous research in which
fleas positive for hemoplasma were described. Such
results highlight the role of fleas as possible vectors.>*
Although no molecular tests were performed on the
ticks and fleas found in the present study, a previous
study showed that hemoplasma DNA was absent or had
low prevalence in flea and tick samples.*® Similar to pre-
vious reports,'# the presence of ticks did not show any

significant association with hemoplasma infection
(P=0.25) in the present study.

Studies conducted among free-roaming, shelter and
owned cats have shown that males are more likely to be
infected with hemoplasmas, possibly due their aggres-
sive and exploratory behavior.1#151721-23 Although no
significant association with sex (P=0.19) was found in
the present study, this result may have reflected the lim-
ited sampled size. Nonetheless, all the hemoplasma-
positive cats in the present study were free-roaming,
which is in line with previous studies, where it has been
shown that stray cat behavior, such as aggressive interac-
tions and potential vector exposure, may be a risk factor
for hemoplasma infection.!417.25

The limitation of this study was that only 15 (6.0%) of
the estimated population of 250 free-roaming cats and
30/51 (58.8%) of the shelter cats were tested. This may
impair extrapolation of the findings to the whole popu-
lation, particularly with regard to free-roaming cats.3
This small, free-roaming cat sample was a result of diffi-
culties in catching the cats,® together with the potential
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risk to life posed by trapping, the temporary duration of
permission for sampling from the campus and an excess
of cat food offered by visitors to the campus at several
(more than 40) campus locations, which strongly
competed with cat bait traps. A more representative
free-roaming cat sample is needed in future studies, and
this should extend to other university campuses.

Conclusions

The results suggest that free-roaming cat populations
may present a higher risk of flea infestation and hemo-
plasma infection. Although hemoplasma infection was
not highly prevalent or associated with FIV and FeLV
in this population, such coinfections may pose a threat to
animal health. Thus, free-roaming cats should be con-
sidered to be subject to health and welfare risk, even if
provided with food and relatively safe conditions within
major university campuses.
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