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Abstract

Feline hepatozoonosis, caused by Hepatozoon felis and occasionally other Hepatozoon spe-
cies, is a vector-borne disease transmitted through the ingestion of infected arthropods, primarily
ticks. This study investigates serum amyloid A, a major acute-phase protein, in cats naturally
infected with H. felis or co-infected with other vector-borne pathogens. A total of 41 asymptom-
atic, infected cats were categorized into single or co-infection groups, alongside 12 healthy con-
trols. Serum amyloid A levels were measured using enzyme-linked immunosorbent assay and
analyzed statistically. Results showed no significant association between serum amyloid A con-
centrations and variables such as co-infection status or pathogen load. Although levels of this
acute phase proteins were slightly lower in co-infected cats, findings suggest that serum amyloid
A alone may have limited diagnostic utility in distinguishing these co-infections.
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Introduction

Feline hepatozoonosis is a vector-borne disease
caused by protozoan parasites from the family Hepato-
zoidae and transmitted through the ingestion of infected
arthropods, particularly ticks. In cats, most of the infec-
tions are caused by Hepatozoon felis (Baneth et al.
2013); however other species such as Hepatozoon canis
can infect also cats. Hepatozoon species commonly
parasitize leukocytes, and in some cases, such as
Hepatozoon americanum, they form true cysts within
skeletal muscle. In comparison, H. felis predominantly
infects myocardial and skeletal muscle tissues (Klopfer
et al. 1973, Beaufils et al. 1998). Moreover, meronts
have been detected in various other organs, including
the lungs, liver, pancreas, bone marrow, lymph nodes,
placenta and amniotic fluid (Baneth et al. 2013).

Although hepatozoonosis in cats is less documented
compared to dogs, its prevalence in regions with high
tick activity underscores its clinical relevance. From an
immunological point of view, immune response against
vector-borne pathogens is crucial to control/dissemina-
tion the infection. Information about the role of co-in-
fections in cats infected with pathogens of vector-borne
disease is lacking (Baneth and Vincent-Johnson 2016).
However, in the case of dogs, animals with clinical
leishmaniosis have a higher rate of co-infections with
other vector-borne pathogens when compared with healthy
controls, in some cases with more marked clinicopatho-
logical abnormalities and severity (Baxarias et al.
2018). Moreover, some laboratory abnormalities such
as polyclonal gammopathy in dogs with vector-borne
co-infections, could be the consequence of a chronic
antigenic stimulation caused either by pathogen or the
combination of several pathogen (De Tommasi et al.
2013).

Acute phase proteins have been used as tools for the
diagnosis, monitoring, and prognosis of several diseases
in pets. Acute-phase proteins (APPs) are a class of bio-
markers synthesized by the liver in response to inflam-
matory stimuli, including infections. In cats, the major
APP is serum amyloid A (SAA), followed by a-1-acid
glycoprotein (AGP) and haptoglobin, which are classi-
fied as moderate APPs. Finally, the minor APPs include
C-reactive protein (CRP) and ceruloplasmin (Kajikawa
et al. 1999, Paltrinieri 2008).

APPs have been less extensively studied in feline
infectious diseases in comparison to canine infectious
disease. Nevertheless, cats infected by different patho-
gens such as haemotropic mycoplasmal bacteria includ-
ing Mycoplasma haemofelis, Mycoplasma haemominu-
tum, Mycoplasma turicensis (Vilhena et al. 2018),
Feline immunodeficiency virus (FeLV) (Korman et al.
2012), Hepatozoon felis, Babesia vogeli (Vilhena et al.

2017), Anaplasma phagocytophilum (Geisen et al.
2024), feline panleukopenia (Petini et al. 2020, Yanar
et al. 2024), feline infectious peritonitis (Tecles et al.
2015), Leishmania infantum (Savioli et al. 2021) and
Dirofilaria immitis (Silvestre-Ferreira et al. 2017) have
been evaluated.

The available information on SAA in relation to
H. felis infection in cats is limited. To date, it has
primarily been investigated in a single study that ana-
lyzed SAA concentrations in symptomatic and asymp-
tomatic cats infected with H. felis, reporting higher
SAA levels in symptomatic cats (Vilhena et al. 2017).
The aim of the present study was to investigate the SSA
in cats naturally infected with Hepatozoon felis or
co-infected with other blood pathogens.

Materials and Methods

Samples were obtained in Spain as part of preva-
lence studies on feline vector-borne pathogens and had
been previously collected for a published epidemiolo-
gical investigation (Villanueva-Saz et al. 2023). A total
of 41 naturally infected cats were included in the study.
All cats were in good condition, active and alert,
normothermic and properly hydrated. In all of these
cats, cardiac auscultation was within normal limits and
respiratory sounds were also normal. None of the cats
had evidence of inadequate body condition score, signs
of dehydration or showed any signs of disease such
as lymph node enlargement, ocular or skin lesions.
All animals were tested by quantitative polymerase
chain reaction (PCR) for the presence of Anaplasma
phagocytophilum, Anaplasma platys, Bartonella hense-
lae, Ehrlichia canis, Rickettsia spp., Mycoplasma hae-
mofelis, Mycoplasma haemominutum, Mycoplasma
turicensis, L. infantum, piroplasms, microfilariae, leu-
kaemia virus and feline immunodeficiency virus in a
private laboratory. The qPCR was considered positive
for each pathogen when the cycle threshold (Ct) was
lower than 35 and when the amplification was detected
in all the replicates.

Molecular analysis of Hepatozoon was performed
as previously described by Villanueva-Saz et al. (2023)
at a private laboratory, using 18S rRNA TagMan®
real-time PCR. The primer sequences used were
5'-AACACGGGAAAACTCACCAG-3' and 5'-CCT
CAAACTTCCTCGCGTTA-3". In addition, a separate
PCR protocol was employed for sequence analysis
of Hepatozoon spp. Specifically, a 779-bp fragment of
the 18S rRNA gene was amplified using the primers
Hep18S-F74 (5'-CAGTAAAACTGCAAATGGCT
CAT-3") and Hepl8S-R853  (5-CCAATAATG
TAGAACCAAAATCCT-3"). The 25 pl PCR mixture
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contained 15.25 ul of PCR-grade water, 5 pl of 5x reac-
tion buffer (Biozym, Oldendorf, Germany), 1 pl of each
primer (10 pmol), 0.25 pl of Biozym HS Taq DNA
Polymerase, and 2.5 pl of template DNA. The cycling
conditions consisted of an initial denaturation at 98°C
for 2 minutes, followed by 40 cycles of 98°C for
15 seconds, 55.5°C for 15 seconds, and 72°C for 15
seconds. The Hepatozoon 18S rRNA amplicons were
then Sanger-sequenced by LGC Genomics.

Additionally, an enzyme-linked immunosorbent
assay (ELISA) for anti-Leishmania infantum (Marteles
et al. 2024) and anti-Dirofilaria immitis antibodies were
also performed (Villanueva-Saz et al. 2021). Routine
laboratory tests, such as a complete blood count and
biochemistry profile, were not performed, as the sam-
ples had originally been collected for a previously study
(Villanueva-Saz et al. 2023).

Infected cats were divided into two groups accor-
ding to the identified infectious agents. Group 1 con-
sisted of 27 asymptomatic cats infected solely with
H. felis (11 males and 16 females). Additionally, 14
asymptomatic cats naturally co-infected with H. felis
and other pathogens were analyzed, including B. henselae
(n=5; 2 males, 3 females), M. haemofelis (n=3; 2 males,
1 female), M. haemominutum (n=1; female), M. turicen-
sis (n=1; male), and co-infection with M. haemofelis
and M. haemominutum (n=4; 3 males, 1 female).
In addition, 12 samples from healthy cats (6 males and
6 females) were examined. All animals tested negative
for the remaining pathogens screened by both molecu-
lar and serological methods. Samples were collected
between June and December 2023 and stored at —20°C
until analysis. This study was conducted under Project
Licence P175/20, approved by the Ethics Committee
for Animal Experiments of the University of Zaragoza.
The care and use of animals were performed according
with the Spanish Policy for Animal Protection RD
53/2013, which meets the European Union Directive
2010/63 on the protection of animals used for experi-
mental and other scientific purposes.

SAA concentrations were determined by the use of
a commercial ELISA kit (Tridelta Development Ltd.,
Brey, Ireland) previously validated for use in cats.
Absorbance values were read at 450 nm (reference
wavelength) in an automatic microELISA reader
(ELISA Reader Labsystems Multiskan, Midland,
Canada). A calibration curve was obtained for the assay
using standards within a concentration ranging between
100 to 6.25 ng/ml. The standard curve was calculated
using a computer generated polynomic curve.
A R2-value of standard of 0.995 was obtained. All sam-
ples and standards were analyzed in duplicate on each
plate.

Results are shown as mean and standard deviation

using routine descriptive statistical procedures and soft-
ware (Statistical analysis was performed using Med-
Calc® Statistical Software version 20.118 (Ostend,
Belgium; https://www.medcalc.org; 2022). Concen-
trations with results lower than the detection limit were
set as equal to the detection limit for further statistical
analysis. Normality of distribution for each group was
assessed by the Shapiro-Wilk test. As data were not
normally distributed, a Kruskal-Wallis test followed
by the Dunn’s multiple comparison test were used
to compare variables between groups. The Spearman
correlation coefficient was used to determine correla-
tions between concentration of SAA, and the number
of pathogens. A value of p<0.05 was considered signi-
ficant.

Results and Discussion

SAA concentration (mean+standard deviation) of
the group infected by H. felis alone was 2.86+8.74 ng/ml
in comparison to group co-infected with a concentra-
tion of 2.40+7.45 ng/ml and control cats with a concen-
tration of 1.64+5.27 ng/ml. Finally, no significant asso-
ciation (p>0.05) was detected between SAA
concentration and the related variables included (gen-
der, number of pathogens and presence/absence of
co-infection and control samples). Our findings suggest
that the acute-phase response, as indicated by SAA
levels, was lower in the co-infected group compared
to cats infected with H. felis alone; however, in both
groups, SAA concentrations remained within the refe-
rence range for this acute-phase protein. For compari-
son, a previous study reported SAA concentrations ran-
ging from 0 to 5.4 pg/mL in 54 clinically healthy cats
(Waugh et al. 2022). Serum amyloid A is a sensitive
marker that typically increases rapidly in response
to inflammation. Nevertheless, Baneth et al. (2013)
observed no inflammatory cell infiltration in muscle
tissue containing H. felis meronts, particularly within
the capsule, and gamonts were primarily found circula-
ting in neutrophils. These findings, together with our
results, suggest that the early or asymptomatic stages
of H. felis infection may not elicit a strong acute-phase
response, potentially explaining the low SAA concen-
trations observed. In our study, most co-infected
cats with Hepatozoon were also infected with
Mycoplasma spp. However, no significant differences
in SAA concentrations were observed between cats
infected with Mycoplasma alone and those with
co-infections involving multiple Mycoplasma species
in either asymptomatic or symptomatic cats (Vilhena
et al. 2018). In contrast, another study found that cats
infected with M. haemofelis had higher SAA concentra-
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tions than those infected with M. haemominutum,
although both species induced an acute-phase response.
Moreover, while the presence of other factors, such
as FIV infection, did not alter SAA concentrations,
other acute-phase proteins, including a-1-acid glyco-
protein, were affected (Korman et al. 2012). Among
Mpycoplasma species, M. haemofelis is recognized
as the most pathogenic, capable of causing hemolytic
anemia in immunocompetent cats. On the other hand,
M. haemominutum and M. turicensis are considered
less pathogenic, although they can still lead to anemia
in immunosuppressed cats (Tasker et al. 2009, Weingart
etal. 2016, Willi et al. 2006).

For other pathogens, such as L. infantum, no signi-
ficant differences were observed between cats with
positive serology but negative molecular test results,
cats with positive PCR and serology results, and healthy
control cats. Similarly, no differences were detected
between seropositive but uninfected cats and seroposi-
tive infected cats (Savioli et al. 2021). In the case
of feline heartworm infection, no significant correlation
was found between SAA levels and antibody titres for
D. immitis or Wolbachia species. However, elevated
SAA levels were associated with the presence of clini-
cal signs caused by D. immitis (Silvestre-Ferreira et al.
2017).

Finally, SAA concentration serves as a valuable
marker for identifying the presence or absence of
inflammation in diseased cats. However, this molecule
is unable to differentiate between septic and non-septic
inflammation (Troia et al. 2017). In this context, the
clinical applications of APPs in veterinary medicine are
expected to align closely with those in human medicine,
potentially utilizing a panel of different APPs to enhance
diagnostic accuracy across various clinical settings.

The main limitations of this study stem from its ret-
rospective design, particularly the lack of detailed an-
amnesis and clinical information. Although the cats
were classified as apparently healthy based on general
physical examination, haematological, and biochemical
results, comprehensive clinical histories were not avai-
lable. However, a strength of this study is the exclusion
of other pathogens that could have contributed to in-
creased serum amyloid A levels.

In conclusion, this study highlights the role of SAA
in evaluating the acute-phase response in cats naturally
infected with H. felis and co-infected with other patho-
gens. Although SAA levels were slightly lower in
co-infected cats, no significant differences were detec-
ted between groups. These findings underscore the
complexity of immune responses in feline vector-borne
diseases, emphasizing the need for further research
to better understand APP dynamics and the impacts
of co-infections.
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