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Lung strongyloidoses in cats are caused by members of superfamily Metastrongyloidea. The 
most frequently encountered species Aelurostrongylus abstrusus (Railliet, 1898) (Rhabditida; 
Angiostrongylidae) parasitises in the lung tissue of both domestic and wild cats. They become infected 
by eating paratenic hosts or food contaminated by snail slime. The present study aims to establish 
the changes in circulating blood proteins: total protein, albumin, globulins and fibrinogen, as well as 
albumin/globulin (A/G), fibrinogen/albumin (F/A) and fibrinogen/total protein (F/TP) ratios in cats 
with chronic A. abstrusus infection. The research was performed in cats from both sexes, 4 months to 
8 years of age, regardless of the breed. All animals were reared outdoor and had a history of respiratory 
illness. The diagnosis was made on the basis of analysis by the method of Baermann funnel technique. 
Statistically significant (P < 0.05) increase in total protein (0.048), fibrinogen (0.032), F/TP (0.048) and 
F/A (0.019), as well as a statistically significant (P= 0.017) reduction in albumin were found compared 
to the control group.
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Introduction

Lung strongyloidiases in cats are nemato-
diases caused by members of suborder Metas-
trongyloidea. The most frequently encountered 
species Aelurostrongylus abstrusus parasitises 
in the lung tissue of both domestic and wild cats. 
Infected cats shed first-stage larvae (L1), which 
are being ingested by intermediate hosts – slugs 
and snails (Morelli et al., 2021). Cats become in-
fected by eating paratenic hosts or food contam-
inated by snail slime. In the different endemic 
regions, prevalence of invasion in hunting cats 

varies from 1% tо 50% (Knaus et al., 2011; Gi-
annelli et al., 2017). In the past, the pathogenic 
impact of A. Abstrusus was substantially un-
derestimated. During the 1980s however, it was 
proved that the infection with A. Abstrusus has 
caused 10% of fatal outcomes of inhalational 
anaesthesia complications (Gerdin et al., 2011). 
Subsequent studies have shown that strongylids 
induce obstruction and inflammation of airways. 
Furthermore, they provoke immune-mediated 
type III and type IV hypersensitivity, associated 
with alveolar, peribronchial, vascular and inter-
stitial lesions (Pennisi, 2015). Laid eggs and lar-
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vae induce thrombosis of pulmonary capillaries. 
Massive invasions with lung strongylids produce 
lung oedema, airways’ obstruction, multifocal 
haemorrhages and diffuse hepatisation (Naylor 
et al., 1984). Adult stages of A. Abstrusus move 
through the lung parenchyma and females lay 
their eggs. This way, even a few parasites may 
cause extensive lung damage (Olsen et al., 2015). 
Massive egg production and the migration of 
L1 in the upper respiratory tract (when they are 
ingested) generates a strong inflammatory re-
sponse (Grandi et al., 2005; Morelli et al., 2021), 
which alters liver protein synthesis. Three main 
proteins are encountered in blood circulation: al-
bumin, globulin and fibrinogen. All they make 
up the total protein. The amount of fibrinogen 
is the smallest – about 5% of total protein con-
tent. In daily practice, it is used as indicator of 
early systemic inflammatory response. In all 
species, fibrinogen increase is initiated within 
24 hours after pathological injuries. The magni-
tude of fibrinogen response differs among spe-
cies, but is generally proportional to the extent 
of inflammation. If disease course is favourable, 
fibrinogen concentrations rapidly return to the 
normal range. In chronic disease they increase 
and remain elevated while disease persists. At 
the same time, a balance between the production 
and destruction of leukocytes during the pro-
longed course of the pathological process is es-
tablished and white blood cell counts are already 
normalised. The increase in plasma fibrinogen 
levels in response to systemic inflammation and 
tissue damage is moderate (2-10 times), which 
classifies it in the group of moderate positive 
acute-phase proteins (Murata al., 2004; Van den 
Bossche et al., 2010). Similarly to other plasma 
proteins except for immunoglobulins, albumin 
is also synthesised in the liver and is catabolised 
by all metabolically active tissues. It belongs to 
negative acute-phase proteins, whose concentra-
tions decrease during the course of infection or 
inflammation. Reduced albumin levels during 
inflammation are probably associated with the 
effect of cytokines such as interleukin-6 (IL-6) 
and tumour necrosis factor -α (TNF-α). It is evi-
denced that serum albumin has protective prop-
erties comprising maintenance of physiological 

homeostasis, antioxidant activity, anti-inflam-
matory effects and prevention of apoptosis (Seo 
et al., 2016). Albumin to globulin ratio is often 
deemed a more informative parameter than al-
bumin and globulin absolute concentrations, 
especially in diseases that cannot be diagnosed 
only through total protein estimation (Zapryano-
va et al., 2017). In available literature, there is 
no information on the diagnostic and prognostic 
value of the fibrinogen/albumin ratio in animals. 
Recent reports demonstrated that this ratio was 
correlated with patient’s prognosis in various hu-
man oncological diseases (Tan et al., 2017; Xu et 
al., 2018).

The present study aimed to establish the 
changes in circulating blood proteins: total pro-
tein, albumin, globulins and fibrinogen, as well 
as albumin/globulin, fibrinogen/albumin and fi-
brinogen/total protein ratios in cats with chronic 
A. Abstrusus infection.

Material and Methods

The present study was performed in cats from 
both sexes, 4 months to 8 years of age, mixed 
breed from the Stara Zagora region, referred for 
diagnostics and treatment to the University Vet-
erinary Hospital of the Trakia University. All an-
imals were reared outdoor and had a history of 
respiratory illness. The diagnosis was made on 
the basis of analysis by the method of Baermann 
(Zajac & Conboy, 2012). L1 had a mean length 
of 407.9±27.7 µm (360.0÷475.0 µm), a terminally 
located mouth opening and a forked tail with a 
curve in the shape of the Latin letter “S”, with a 
short dorsal spine. 

For blood analyses, 2 ml blood were collect-
ed from vena cephalica antebrahii using ster-
ile G20 needles and disposable 2 ml syringes. 
Immediately after collection, blood was trans-
ferred in containers with lithium heparin. Hep-
arinised blood was centrifuged (600g, 10 min, 
4  C) within 30 minutes from collection. Total 
protein and albumin were analysed within an 
hour from blood collection on an automated 
biochemical analyzer (Mindray BS-120, Chi-
na).
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Fibrinogen concentration was determined by 
the nephelometric method of Podmore (Todor-
ov, 1972) with 10% Na2SO4 at λ 570 nm with-
in 2 hours after blood sampling. To 0.25 mL of 
plasma, 2.5 mL of 10.5% Na2SO4 was added; a 
control sample of 0.25 mL of plasma and 2.5 mL 
of 0.9% solution of NaCl was also prepared. The 
absorbance was measured after 3 min at λ=570 
nm, and the result was calculated by multiplica-
tion of absorbance value by 15.5.

Globulins were determined as the difference 
between total protein minus albumin and fibrin-
ogen values.

Only cats (n=6) positive for A. abstrusus lar-
vae and no history of previous illness, comorbid-
ity, organ or traumatic injury were chosen. The 
control group (n=6) was constitute from cats, 
free of internal and external parasites.

Statistical analysis of data was done in Micro-
soft Excel (ToolPack) using descriptive statistics 
functions. Values are presented as means and 
standard error of mean (Mean±SE). The group 
means were compared using IBM® SPSS® Sta-
tistics software platform. Differences with P < 
0.05 were considered statistically significant.

Results

The analysis of results from blood biochemi-
cal analysis showed substantial between-group 
differences in values of most analysed param-
eters. The most prominent difference was ob-
served between fibrinogen concentrations. In 
infected cats, the average fibrinogen value (14.4 
g/L) was more than twice higher compared to 
values in controls (6.3 g/L). The highest individ-

ual measurement (21.6 g/L) was from an infected 
cat. The highest level of significance (P=0.017) 
between the groups was observed for albumin 
values, which were lower in the group infected 
with A. Abstrusus (29.0 g/L) than in controls 
(41.0 g/L). Blood total protein was also statisti-
cally significantly different (P<0.05). Higher av-
erage concentrations (80.3 g/L) were detected in 
infected cats, whereas mean total protein in con-
trols was 75.0 g/L. For globulins, no statistically 
significant difference between both groups was 
demonstrated.

Changes were detected also for ratios of total 
protein and protein fractions. The highest level 
of statistical significance was found out for fi-
brinogen/albumin ratio (P=0.019). In cats infect-
ed with A. Abstrusus the average ratio was 0.56 
vs 0.16 in controls. A similar substantial differ-
ence (P<0.05) was evidenced for fibrinogen/to-
tal protein ratio: 0.17 in lungworm-infected and 
0.08 in healthy cats. The differences between al-
bumin/globulin and fibrinogen/globulin ratios in 
both groups were not relevant.

All results with P values in the two groups 
are presented in Table 1.

Discussion

According to obtained results, serum protein 
profile in cats with chronic A. Abstrusus invasion 
was altered compared to healthy controls. The 
observed changes in concentrations of studied 
parameters were statistically significant regard-
less of statements that the infection with A. Ab-
strusus generally leads to mild to moderate clini-
cal signs (Traversa et al., 2014). We rather agree 

Table 1. Blood total protein, protein fractions and their ratios in cats with natural A. abstrusus invasion.

 Total protein 
(g/l)

Albumin  
(g/l)

Globulins 
(g/l)

Fibrinogen 
(g/l) А/G F/G F/А F/TP

Infected
(n = 6)

80.3*
±16.32

29.0*
±6.68

36.9
±12.31

14.4*
±7.02

1.21
±0.99

0.35
±0.16

0.56*
±0.32

0.17*
±0.08

Controls
(n = 6)

75.0
±6.10

41.0
±6.64

27.6
±8.33

6.3
±1.87

1.77
±1.06

0.26
±0.13

0.16
±0.06

0.08
±0.03

P value 0.048* 0.017* 0.193 0.032* 0.410 0.389 0.019* 0.048*
* P<0.05.
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with suggestions of Grandi et al. (2005) and 
Genchi et al. (2014), affirming that the massive 
production of eggs and the migration of larvae 
to the upper respiratory tract generates a strong 
inflammatory response. On the other hand, the 
complex association between local inflamma-
tion and structural lung damage could be possi-
bly bidirectional. Published research data prove 
that systemic or local inflammation may induce 
pathological remodelling, including apoptosis, 
maladaptive hypertrophy, endothelial dysfunc-
tion etc., resulting in inflammation through re-
lease of proinflammatory cytokines or through 
haemodynamic response (Dick & Epelman, 
2016). Coagulation, fibrinolysis and complement 
cascade pathways perform a key role in inflam-
matory response. Increased concentrations of 
proinflammatory cytokines in the course of the 
pathological process alter the synthesis of pro-
teins in the liver – acute-phase response (Ecker-
sall & Bell, 2010).

Fibrinogen is one of main “positive” acute-
phase proteins, encountered in all vertebrates 
(Cerón et al. 2005). It is involved in the ultimate 
stage of blood coagulation as substrate for for-
mation of fibrin and serves as a matrix for mi-
gration of cells of inflammation (Thomas, 2008). 
Fibrin mediates aggregation of the platelets, en-
dothelial cells proliferation, tissue fibroblast pro-
liferation, formation of capillaries and angiogen-
esis, thus enhancing tissue revascularisation and 
wound healing. Apart its role in fibrin formation, 
fibrinogen promotes blood coagulation via acti-
vation of platelets (Zapryanova et al., 2013). The 
life cycle of A. Abstrusus may provide a logical 
explanation of the established marked increase 
in blood levels of this parameter. Our results 
support the data reported by Murata (2004) and 
Van den Bossche (2010) for 2- to 10-fold increase 
in fibrinogen values in response of systemic in-
flammation and tissue damage. The present study 
confirmed that high fibrinogen concentrations 
allowed identifying a non-specific inflammation 
at the background of normal results from all oth-
er routine haematological and blood biochemical 
assays.

Albumin is the most abundant protein in plas-
ma representing about 50% of total protein (Seo 

et al., 2016). Its low value may reflect a poor nutri-
tional status or massive inflammatory response. 
The observed significant reduction of albumin 
values correlates with the fact that albumin is a 
negative acute-phase protein and its concentra-
tions decrease during infection or inflammation 
(Murata al., 2004; Eckersall & Bell, 2010). Most 
probably, the decrease in albumin is associated 
with its protective properties and depletion of 
available amounts for maintenance of homeo-
stasis through its anti-inflammatory effects and 
apoptosis prevention (Seo et al., 2016). The obvi-
ous change in the levels of the two acute-phase 
proteins (fibrinogen and albumin) demonstrates 
the presence of inflammatory process that can-
not be classified as chronic at the background of 
chronic parasitic infection.

The divergent trends observed for blood fi-
brinogen and albumin determines the change of 
their ratio during the course of inflammation. At 
this moment, the determination of this ratio is 
not a part of routine laboratory practice. Usually, 
the albumin/globulin ratio is calculated. Our re-
sults indicate that the difference between the two 
studied groups was far more significant with re-
spect to the F/A ratio (P < 0.05), whereas the be-
tween-group difference in the A/G ratio was not 
consistent. This findings agrees with the stud-
ies of Tan et al. (2017), affirming the fibrinogen/
albumin ratio as a promising new predictor of 
human oesophageal squamous cell carcinoma. 
Another research team also pointed at the fibrin-
ogen/albumin ratio as a reliable and potentially 
useful serum prognostic biomarker of hepatocel-
lular carcinoma in men (Qiaodong et al., 2016). 
According to these authors, the parameter may 
be also alternatively used to predict recurrence. 
In both cases, inflammation is the common ele-
ment of the pathogenetic mechanism. Numerous 
clinical and experimental studies provide con-
vincing proofs that inflammation is an important 
component of tumour progression (Coussens & 
Werb, 2002; Grivennikov et al., 2010). Increased 
F/A has been established and recommended for 
use in order to diagnose human ankylosing spon-
dylitis (Meng Liu et al., 2020). We affirm that the 
inflammation is at the background of observed 
alterations in serum proteinogram in the course 
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of the parasitic infection. The determination of 
the F/A ratio is not yet part of veterinary medi-
cal diagnostics. To the best of our knowledge, no 
data are reported on the diagnostic and prognos-
tic value of blood F/A ratio in animals. At the 
same time, the determination of F/A ration is 
based on routine laboratory assays of fibrinogen 
and albumin, which are not expensive and rou-
tinely done in the clinical practice. Therefore, it 
may become a reliable and convenient diagnostic 
and prognostic biomarker.

The changes in the F/TP ratio are largely sim-
ilar to those of F/A. As serum globulin concen-
trations between the two groups were not statis-
tically significant, it was assumed that the differ-
ence in total protein values was due to changes 
in A and F (Таble 1).

This study has some weaknesses that should 
be commented. First, the study is retrospective, 
not experimental, so the sample size is relatively 
small. A large-scale study with higher number 
of patients is therefore advised. Second, the ret-
rospective study design did not allow monitoring 
of dynamics of studied parameters. The analysis 
of the same patients after treatment would give 
the opportunity to evaluate the prognostic value 
of the different parameters. Third, other factors 
as occult infections and haematological diseases 
that may influence the serum protein profile and 
compromise the correct interpretation of study 
results.

Conclusion

Our study demonstrated that the serum pro-
tein profile in cats was altered in cats with natu-
ral A. Abstrusus invasion compared to controls. 
This study describing the diagnostic relevance of 
the fibrinogen/albumin ratio in animal pathology. 
Indeed more research is needed before it may be 
used as a diagnostic and prognostic biomarker in 
veterinary medicine.
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