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Abstract
Background/Aims: The moust symptoms of piglets infected with Encephalomyocarditis virus 
(EMCV) are related to breeding difficulty, circulation insufficiency, depression and occurrence 
of high lethality. An increase of tryptophan metabolism in the periphery and in the central 
nervous system (CNS) in human and non-human subjects with inflammatory diseases has been 
suggested. We investigated an alterations of tryptophan metabolite i.e. kynurenic acid (KYNA) 
level in the serum of piglets after EMC virus infection. In addition, we investigated the markers 
of immune stimulation i.e. neopterin and β2-microglobulin. Methods: KYNA was determined 
by high performance liquid chromatography method, while neopterin and β2-microglobulin 
by ELISA method. Piglets with an age of 8 weeks were infected intranasal and orally with the 
EMC virus. Blood samples were collected before virus inoculation at day 0 (control) and at 1, 2, 
3 and 4 days post inoculation (DPI) and piglets as control subjects were used, too. Results: In 
EMCV infected piglets we observed a time dependent alteration of investigated parameters. 
KYNA level increased significantly and at 3 DPI was 341% of CO, p<0.001 and at 4 DPI an 
enhancement was 242% of CO, p<0.001, respectively. Neopterin increased moderately after 
EMCV infection and at 4 DPI was 130% of CO, p<0.05. Serum β2-microglobulin was slightly 
lowered and at 4 DPI was 86% of CO, p<0.05. Present data indicate an marked increase of 
kynurenine metabolism in the periphery after EMCV infection and an moderate activation of 
immune system. Conclusion: A marked increase of KYNA and a moderate enhancement of 
neopterin indicate sensibility of kynurenine metabolism to EMCV infection. Lowering of ß2-
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microgobulin might relate to development of events leading to the lethality. We suggest that 
due to viral infection an increase of KYNA might contribute to the inpairment of organs in the 
periphery and CNS function and might participate by sudden death.

Introduction

The most symptoms of EMCV diseased piglets are depression, breeding difficulty and 
circulation insufficiency [1, 2]. Clinically, EMCV causes a sudden death syndrome in piglets, 
and in adults the infection may lead to reproductive failure [1, 2]. EMCV mainly affects heart 
tissue and the CNS [3, 4].

Tryptophan as an essential amino acid serves as a substrate for several important 
reactions including kynurenine pathway leading to niacin formation [5]. Activation of 
tryptophan metabolism has been reported in the periphery and in the CNS in human and 
non-human subjects with inflammatory diseases due to viral, bacterial, fungal or parasitic 
infections, and in autoimmune diseases also in meningitis and septicaemia [6-11]. Induction 
of indoleamine-2, 3-dioxygenase (IDO), the first enzyme of the kynurenine pathway, which 
converts L-tryptophan to L-kynurenine (L-KYN) takes place by inflammatory events [11].

In the periphery and in the brain kynurenic acid (KYNA) is synthesized from L-KYN 
by using various kynurenine aminotransferases [12-14]. KYNA is an endogenous ionotropic 
excitatory amino acid (EAA) receptors antagonist which modulates and disrupts excitatory 
i.e. glutamate- and acetyl cholinergic amino acid neurotransmission [5, 15]. Our previous 
data indicated that KYNA dose dependent influences heart mitochondrial function by 
increasing oxygen consumption and lowering ATP synthesis [16, 17]. We have also shown 
that a deficit of oxygen leads to a significant elevation of KYNA in CNS [18]. Furthermore, we 
found that the highest lethality correlated with a peak of KYNA increase and lowering of ATP 
[18, 19]. Based on the molecular data, the infection of piglets by EMCV is detectable at 4th day 
after inoculation [20]. It is known that the stage of infection is dose and time dependent and 
by using the optimal established amount of virus suspension the infection at day 4th and 6th is 
characterised by relatively low mortality in contrary to day 8th or a longer period of infection. 
Since no data are available regarding the neurochemical changes in vivo we first examined 
the effect at the 4th day after infection. Since heart tissue effectively synthesizes KYNA [13] 
and since KYNA may influence the heart mitochondria function [16, 17] we were interested 
to proof if KYNA in serum is affected after EMCV infection in piglets. Because host immune 
mediators such as interferon-gamma and tumour necrosis factor alpha may increase IDO 
activity and L-KYN metabolism [6-9, 11], therefore we analyse the kynurenine metabolite 
KYNA in the serum of piglets after EMCV infection. In addition, we measured neopterin and 
β2-microglobulin which are markers of immune stimulation. Subsequently, a correlation 
study of investigated parameters was performed. A part of the data was presented in an 
abstract form [21].

Materials and Methods

Chemicals
L-KYN, KYNA, pyruvate, pyridoxal-5’-phosphate and 2-amino-2-methyl-1-propanol (AMPOL) were 

purchased from Sigma-Aldrich Handel’s GmbH, Wien, Austria. All other chemicals used were of the highest 
commercially available purity.

Animals
Piglets with an age of 8 weeks were infected intranasally and orally with the EMC Virus (8ml, EMCV 

strain B279/95, 107 TCID 50/ml) (N = 14) or medium (control, CO, N = 6). Clinical examinations were carried 
out twice a day to verify the infection state. At least once daily internal body temperature was measured and 
the animals examined for clinical signs (general physical examination, with special respect to heart and 
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lung status). Blood samples were collected in the morning before virus inoculation at day 0 and at 1, 2, 3 
and 4 days post inoculation (DPI). Serum samples were coded to conceal patient’s identity of control vs 
EMCV group and the study was carried out at the Veterinary University Vienna according to Austrian Ethical 
Regulation.

Determination of KYNA
The measurement of KYNA was performed according to Swartz et al. [22] with modifications described 

by Baran et al. [18]. KYNA was quantified by a high performance liquid chromatography (HPLC) system 
coupled with fluorescence detection. KYNA samples were purified on a Dowex 50W cation-exchange column 
as described by Turski et al. [23] before applied to HPLC.

Determination of neopterin and ß2-microglobuline
The macrophage activation marker neopterin was assayed by ELISA (enzyme-linked immunosorbent 

assay) using kits available commercially. β2-microglobulin was examined by ELISA employing commercially 
available kit.

Data analyses
All data are presented as the means ± standard error of the mean. For statistical analyses, one–way 

ANOVA analysis of variance and a Student’s t-test were applied. Each sample was determined in duplicate 
or triplicate. The level for statistical significance was P<0.05; *P<0.05, **P<0.01 and ***P<0.001 indicate a 
significance compared with control group. Linear regression analysis was performed using the least squares 
methods. Correlation between investigated parameters, e.g. KYNA and time after inoculation or KYNA and 
neopterin or KYNA and β2-microglobulin was analyzed.

Results

Clinical estimation of piglets after EMCV inoculation
The EMCV group showed an increase of the body temperature up to 42°C. Piglets 

showed a decreased behaviour activities including loss of appetite and apathy and had a 
higher degree of cardiac insufficiency, similar as reported by other. Two piglets of the EMCV 
group died and are not included in chemical investigation.

KYNA, neopterin and β2-microglobulin in the serum of control piglets (CO)
In serum of CO piglets we measured 3.398 ± 0.090 (N = 30) of KYNA (fmol/µl). Neopterin 

was 0.4136 ± 0.02274 (mg/L) and β2-microglobulin was 0.16600 ± 0.00648 (mg/L) (Table 
1). 

Table 1. Alterations of neopterin and β2-microglobulin levels in the serum of piglets after EMCV infection. 
Days post inoculation (DPI). Significance: *P<0.05; **P<0.01 compared with CO. One–way ANOVA analyse 
of neopterin levels between 5 groups i.e. CO, 0 DPI, 1 DPI, 2 DPI, 3 DPI and 4 DPI revealed no significant dif-
ferences (F = 1.36664, P = 0.2460). One–way ANOVA analyse of β2-microglobulin between 5 groups i.e. CO, 
0 DPI, 1 DPI, 2 DPI, 3 DPI and 4DPI revealed no significant differences (F = 1.63256, P = 0.16125)
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KYNA in the serum of EMCV piglets
In EMCV infected piglets we observed a time dependent and significant alteration of 

KYNA levels (Fig. 1). One-way ANOVA analyse of KYNA levels between CO and 0 or 1, 2, 3 and 
4 DPI revealed significant differences (F = 3.50182, P = 0.00642). At one DPI the serum KYNA 
level was slightly elevated but not significant (111% of CO, P = 0.29441; one–way ANOVA 
analyse revealed F = 1.12956; P = 0.29441). KYNA levels increased significantly after: 2 DPI 
(192% of CO, P<0.001, one–way ANOVA was F = 17.39428, P = 1.58483E-4); 3 DPI (341% of 
CO, P<0.01, one-way ANOWA was F = 7.90649, P = 0.00759) and 4 DPI with EMCV (242% of 
CO, P<0.001; one-way ANOVA was F = 18.55486, P = 1.08032E-4), respectively. Analysis of 
KYNA levels between CO and 0 DPI revealed no significant differences (P = 0.99579).

Neopterin in the serum of EMCV piglets
Neopterin content was moderately and significantly increased 3 and 4 days after EMCV 

infection, i.e. it was 133% of CO, P<0.01 and 130% of CO, P<0.05, respectively (Table 1). 
One-way ANOVA analysis of neopterin levels between CO and 0 or 1, 2, 3 and 4 DPI revealed 
no significant differences (F = 1.36664, P = 0.2460). One-way ANOVA analysis of neopterin 
levels between CO and 0 DPI revealed no significant differences, F = 0.9802, P = 0.3289. 
At 1 DPI neopterin was 131% of CO, F = 3.2337, P = 0.0808; at 2 DPI was 145% of CO, F = 
3.7775, P = 0.0600; at 3 DPI neopterin was 133% of CO, F = 11.9947, P = 0.0014 and at 4 DPI 
neopterin was 130% of CO, F = 5.97021, P = 0.0199, respectively.

β2-microglobulin in the serum of EMCV piglets
β2-microglobulin content was moderately lowered 4 days after EMCV infection and was 

86% of CO, P<0.05 (Table 1). One-way ANOVA analysis of β2-microglobulin levels between 
CO and 0 or 1, 2, 3 and 4 DPI revealed no significant differences (F =1.63256, P = 0.16125). 
One-way ANOVA analysis of β2-microglobulin levels between CO and 0 DPI revealed no 
significant differences, F = 0.2099, P = 0.6497. At 1 DPI β2-microglobulin was 102% of CO, 
F = 0.0689, P = 0.79446; at 2 DPI β2-microglobulin was 94% of CO, F = 1.0295, P = 0.31724; at 
3 DPI β2-microglobulin was 90% of CO, F = 2.6372, P = 0.11336 and at 4 DPI β2-microglobulin 
was 86% of CO, F = 4.95002, P = 0.03283, respectively.

Correlations
Linear regression study between KYNA and neopterin levels revealed significant 

correlation at 4 days (Fig. 2) but not at 1, 2 or 3 days after infection: i.e. at 0 DPI, y = 1.58078 
- 3.96975 x, R = 0.3434, P = 0.27445; at 1 DPI, y = 3.99696 – 0.42255 x, R = - 0.08161, P = 
0.81146; at 2 DPI, y = 8.29764 - 2.96787 x, R = - 0.33137, P = 0.29272; at 3 DPI, y = 37.53982 
- 47.17846 x, R = - 0.31567, P = 0.3176; at 4 DPI, y = -6.97754 + 28.36932 x, R = 0.84528, 
P = 0.00105.

Fig. 1. KYNA level in the serum of 
EMCV infected piglets. Values re- 
present the mean ± SEM of follow-
ing: Control (CO, N = 30); EMCV 
subgroups: O DPI (N = 12); 1 DPI 
(N = 11); 2 DPI (N = 12); 3 DPI (N 
= 12); 4 DPI (N = 11). Days post 
inoculation (DPI). Significance: 
*P<0.05; **P<0.01; ***P<0.001 
compared with CO. One–way ANO-
VA analyse revealed significant dif-
ferences in KYNA levels in serum 
between 5 groups i.e. CO, 0 DPI, 1 
DPI, 2 DPI, 3 DPI and 4 DPI (F = 
3.50182, P = 0.00642).
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Linear regression study between KYNA and β2-microglobulin levels revealed no 
significant correlation at any time point of infection: i.e. at 0 DPI, y = 6.5996 - 19.8925 x, 
R = - 0.34615, P = 0.27038; at 1 DPI, y = 4.88579 - 6.53687 x, R = - 0.14775, P = 0.66463; at 2 
DPI, y = -7.75785 + 91.60278 x, R = 0.38691, P = 0.21405; at 3 DPI, y = 59.95474 - 324.22 x, 
R = - 0.43768, P = 0.15475; at 4 DPI, y = 6.05367 + 15.30932 x, R = 0.04402, P = 0.8977.

Discussion

In respect to investigated parameters in the serum of control piglets, i.e. KYNA, neopterin 
and β2-microglobulin, the levels were lower in comparison to human, indicating species 
differences [7-9, 24].

The most notable finding of the study is the marked increase of KYNA in the serum of 
piglets after EMCV infection. The peak of an enhancement of KYNA was time dependent, the 
highest value of 341% of CO was seen at 3rd day after inoculation and at 4th day the levels were 
moderately declined to 242% of CO. The level of neopterin, a marker of immunoreactivity, 
was increased by 145% of CO at 4th day after infection and the levels of β2-microglobulin 
were slightly lowered, by 86% of CO at 4th day after infection. Revealed data indicate that 
infection with EMCV causes significant alteration of investigated parameters in piglets in 
the periphery, with different pattern of changes. Neopterin and β2-microglobulin were 
moderately altered in the blood of EMCV infected piglets up to 4 days after inoculation in 
comparison to marked enhancement of KYNA. We suggest that the alteration of L-tryptophan 
metabolism might play a pivotal role during acute period of infection and probably later, 
too. At 4th day after inoculation significant correlation between an enhancement of KYNA 
and neopterin was revealed and this observation is in the line with data observed in human 
after immunodeficiency virus type-1 (HIV-1) infection [7, 8]. Whereas in human after 
HIV-1 infection the content of β2-microglobulin was increased [8], it was lowered in the 
blood of piglets after EMCV infection. Lowering of β2-microglobulin in serum of piglets 
at 4th day after the EMCV infection might suggest the development of infectious mortality. 
Recently, an association between lower serum β2-microglobulin levels and worse survival 
in incident of peritoneal dialysis patients has been described [25]. At day 4th the infection of 
piglets with EMCV is characterised by moderate reduction of β2-microglobulin and correlate 
with low mortality [20].

A disturbance of L-tryptophan metabolism along kynurenine pathway was found in 
human HIV-1 [6-9] and after influenza A virus infection, too [10]. Some reports described 
lowered L-tryptophan, elevated L-KYN, KYNA and quinolinic acid levels in the CSF of HIV-1 
patients [6-10]. In our previous work we have shown a significant enhance of KYNA synthesis 
in the human brain after HIV-1 infection [26]. Interestingly, study in the brain homogenate of 
piglets after EMCV infection revealed an increase of KYNA formation, too [27, 28].

Fig. 2. Correlation between KYNA and neopterin 
levels at 4th day after inoculation of piglets with 
EMCV. Linear regression study between KYNA and 
neopterin levels revealed significant correlation: 
y = -6.97754 + 28.36932 x, R = 0.84528, P = 
0.00105.
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Breathing difficulty, bronchopneumonia, lobar pneumonia, oedema of the lung or even 
tuberculosis occurs after various infections i.e. EMCV, HIV-1, influence A or Corona virus 
[1-4, 29-32]. Notably, a high mortality in infected mammalians including human has been 
reported [20, 28, 29, 33]. A significant observation on marked increase of KYNA synthesis was 
revealed in the brain of human suffering from bronchopneumonia [34]. Therefore, would be 
reasonable to consider the importance of kynurenine metabolism activation during events 
related impaired abilities of oxygen consumption. In the line, a marked increase of KYNA in 
the brain has been found due to a deficit of oxygen in case of asphyxia [18]. In this work, a 
particular of interest was the observation that the longer the period of oxygen deficit, the 
higher the observed peak of KYNA in the brain and the higher the lethality rate, too [18]. 
Lowering of ATP synthesis correlated significantly with duration of asphyxia, too [18, 19].

Experimental work in vivo study has shown that administration of KYNA (icv) into the 
rats resulted in ataxia and stereotypy, in a dose-dependent manner (0.025-1.6 µmol) [35]. 
Importantly, authors demonstrated that administration of 0.8 µmol of KYNA resulted in 
sleeping and in an approximate 25% mortality of the animal and at a dose of 1.6 µmol all 
of the animals died within 2-5 min from cardiorespiratory failure [36]. These data would 
suggest that spontaneous synthesis of KYNA in the brain due to infection and/or unknown 
reason might lead to the cardiorespiratory impairment followed by per acute death. In the 
line, our preliminary data indicated that the kynurenine metabolism is activated after EMCV 
infection in the brain, as well [27, 28]. We believe that this increase might be responsible for 
the incidence of cardiorespiratory dysfunction and sudden death. However, this proposed 
mechanism need further investigation.

In our previous study we have investigated an impact of elevated L-tryptophan 
metabolism on mitochondrial function of various organs [16, 17]. We demonstrated 
significant dose dependent effect of L-tryptophan metabolites i.e. KYNA, 3-OH-kynurenine 
or 3-OH-anthranilic acid on respiratory parameters of rat brain, heart and liver mitochondria 
[16, 17]. We have shown that high KYNA levels lowered oxygen consumption of the heart 
mitochondria and ATP synthesis, but not of brain or liver mitochondria, whereas 3-OH-
kynurenine, 3-OH-anthranilic acid affected heart, liver and brain mitochondria respiratory 
parameters [17]. These findings support the suggestion that activation of L-KYN metabolism 
might have an impact on different organs, particularly influence the heart cell function, causing 
an impairment of cardiovascular processes and leading to congestive cardiac dysfunction. 
In the line, an enhancement of KYNA levels of a stroke patient has been described and its 
significance for involvement of an impairment of cardiovascular system has been suggested 
[37, 38]. Ouinolinic acid, an endogenous neurotoxin, has been suggested also to play a role 
concerning the development of dementia after HIV-1 infection and might participate by 
induction of death [39], but does not affect respiratory parameters in rat heart, liver or brain 
mitochondria [17].

In respect to various data and presently developed pandemic due to Corona virus 
infection it is important to discuss this topic intensively. Patients infected with Corona 
virus are showing clinically depression, impairment of smell, breathing difficulty and might 
develop severe pathological conditions including high frequency of death cases, as well 
[32]. Although, none data are available on KYNA levels of Corona infected patients yet, our 
previous and present studies strongly suggest that an increase of KYNA levels is likely to 
appear in the periphery and CNS due to Corona infection. It is obvious that KYNA content in 
the periphery and/or CNS results from accumulation of events related to activation of KYNA 
synthesis. An influence of aging process on KYNA levels was observed in different forms 
of hydrocephalus [40]. Notable, in the line a high lethality rate due to Corona infection has 
been observed in older animals, in rhesus macaque model of COVID-19, or in older human 
patients (age >70 years), as well as in patients with other health problems [41-43]. The role 
of the aging process by CORONA infections has been described [42] and an age dependent 
increase of KYNA in the cerebrospinal fluid of clinically healthy persons has been shown 
[24]. Only marginal synthesis of KYNA in the brain was found in the CNS of young animals 
and significant age-dependent increase was revealed in adult and older animals [44, 45].
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A study in terms of sex including risk of mortality by COVID-19 amongst adult patients 
revealed that male sex is an important risk factor for mortality [46]. Interestingly, study on 
the synthesis of KYNA in human saliva suggests a higher ability to form KYNA in saliva of 
males [47] and this should be proved with high number of investigated cases.

An enhancement of KYNA content in CNS has been described in patients with HIV-1, 
Alzheimer’s disease, bronchopneumonia, stroke, hydrocephalus, Down’s syndrome and 
many others diseases including aging and its involvement in development of depression, 
impairment of memory and cognition was suggested [9, 24, 26, 34, 37, 40, 48-50].

Recently, the high incidence of the sudden death due to Corona infection has been 
reported in patients with Down’s syndrome [51]. Interestingly, the involvement of high KYNA 
levels in the brain tissue of patients suffering from Down’s syndrome might be relevant for 
the incidence of high lethality. Indeed, the average age of patients with Down’s syndrome is 
about 40-50 years and these patients have a high level of KYNA over 300% of CO in the brain 
[49]. Importantly, it is also reasonable to question if elevated KYNA metabolism in the brain 
of patients with Down’s syndrome, in general, might contribute to a short spam of life.

Anti-dementia agent Cerebrolysin or D-cycloserin [52, 53] and herbal extracts like 
Jerusalem Balsam or Hawthorn, all of them are able to lower KYNA formation [54-57]. 
D-cycloserine was even used in earlier time for tuberculosis treatment [53]. In respect to 
that we suggest that blockade of KYNA synthesis could be a part of therapeutic measure 
to increase the efficiency of drugs for viral diseases. Indeed, recently published study 
demonstrated improvement of clinical symptoms of COVID-19 due to natural herbal medicine 
and authors suggest that it may be effective in treating COVID-19 [58, 59]. Also evaluation 
of the adjuvant efficacy of natural herbal medicine on COVID-19 revealed a positive effect 
regarding therapeutic success of COVID-19 patients [60].

Conclusion

The present data demonstrates a significant enhancement of KYNA levels in piglets 
after Picorna virus infection and suggests activation of L-tryptophan degradation along 
kynurenine pathway. Immune marker neopterin and β2-microglobulin were less affected 
than KYNA supporting the physiological role of L-tryptophan metabolism during acute 
period of infection. Measurement of KYNA levels in the blood and/or searching an ability of 
saliva to form KYNA might represent important marker for the stage of disease and probably 
of lethality. We suggest that conditions related to respiratory deficits, dementia and lethality 
might share dose dependent involvement when it comes to the increased KYNA metabolism 
observed. This observation might have an impact on EMCV infected piglets and patient 
infected with others virus including Corona virus, as well. We suggest that modulation of 
KYNA content by lowering its synthesis might support the cardio-respiratory system and 
acts, at least in part, as an anti-dementia agent and might lower incidence of lethality not 
only in animals but also in humans. In the near future further studies should evaluate an 
impact of oxygen impairment and KYNA accumulation in humans.

Abbreviations

ANOVA (analysis of variance); CNS (central nervous system); CO (control); DPI (days 
post inoculation); EAA (excitatory amino acid); HIV-1 (human immunodeficiency virus type-
1); icv (intra cerebra ventricular); KYNA (kynurenic acid); N (numbers).
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