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Description of logical parameters with relevant evidences
For the entities in the Biological Regulatory Network (BRN) below is the description of logical

parameters with experimental evidences. Based on well established observations in literature, some logical
parameters are provided with fixed single values. Targeted entity is considered to be inhibited/inactivated,
due to absence of activator/s or presence of inhibitor/s (Paracha et al., 2014; Saeed et al., 2018).

For normal condition, logical parameters sets (models) are computed, the algorithm of NuSMV is
provided in File S2. The parameters sets are shown via heatmap in Figure S1. Here we used model-14.
Target: CoV2
Resources include: Inhibitors MAC and PICyts

1. KCoV 2{} = 0

• Description: MAC and PICyts active for inactivation of CoV2.

• Evidence: Experimental studies are conducted that are associated with suppression of COVID-
19. PICyts caused pro-inflammatory response for lowering SARS-CoV-2 titre (Carvelli et al.,
2020; Kim et al., 2020; Ram Kumar Pandian et al., 2020). MAC (C5b-9) via lysis can
inhibits SARS-CoV-2 (Chouaki Benmansour et al., 2021). MAC also stimulates inflammatory
response against the pathogen (Garred et al., 2021; Bakshi et al., 2020; Hovland et al., 2015).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ infer that due to active
inhibitory entities MAC and PICyts CoV2 would be inactive.

2. KCoV 2{MAC} = 0

• Description: MAC is inactive and PICyts is active for CoV2.

• Evidence: For some evidences with respect to active PICyts for the inhibation of CoV2 (see
point-1). Additionally, active PICyts activate Inflammatory cells (ICs) which phagocytosis the
virus directly in begin phase of innate response, clear the pathogen by promoting inflammation



(Noris et al., 2020). PICyts activate ICs which further activate IFNα\β to inhibit the pathogen
(Shemesh et al., 2021; Zhang et al., 2021; Yang et al., 2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ implies that CoV2 is inhibited
due to the presence of PICyts.

3. KCoV 2{PICyts} = 0

• Description: PICyts is inactive and MAC is active for CoV2.

• Evidence: Some evidences with respect to active MAC for inhibition of CoV2 are maintained
in point-1. Moreover, active MAC suppresses CoV2 as It forms cytotoxic pores on the surface
of pathogens. MAC punches a hole through the plasma membrane of the target cell, killing the
pathogen and causes lysis of the pathogen. (Polycarpou et al., 2020; Shibabaw et al., 2020).
It plays a role in host defense processes through its ability to kill the virus and to promote
inflammation by stimulating inflammatory cells (Xie et al., 2020).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ implies that CoV2 is inactivated
due to active MAC.

4. KCoV 2{MAC, PICyts} = 0

• Description: MAC and PICyts are inactive for CoV2.

• Evidence: PICyts is inactive as FI-CR1-DAF mediated activated C3a-C3aR and/or C5a-C5aR
axis-es via ICs inactivate PICyts. Inflammatory cells produce IFNα\β , which inactivated
PICyts (Chalise et al., 2013). Moreover, MAC is inactive as IFNα\β inhibit MAC ( Figure
1). The trajectory of inhibation followed as IFNα\β mediated PICyts and/or IFNγ , ICs and
lymphocytes which synthesise and activate terminal complement protein C5 (Lubbers et al.,
2017) suppress MAC.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ deduced that CoV2 would be
inactivated in the absence of downregulators MAC and PICyts due to absence of upregulators.

Target: C3
Resources include: Activators CoV2 and PICyts, Inhibitor FI-CR1-DAF

5. KC3{} = 0

• Description: CoV2 and PICyts are inactive while FI-CR1-DAF is active for C3.

• Evidence: Due to unavailability of CoV2 and PICyts, C3 unable to upregulate. Due to
presence of FI-CR1-DAF the C3 can be suppressed. CR1 and DAF inhibit the formation
of C3-convertase (Zewde et al., 2016; Thurman and Renner, 2011; Ahmad et al., 2003).
Moreover, DAF decay the C3-convertase (Bansal et al., 2022). FI can bind with C3b and
inhibit C3-convertase assembly (Bansal et al., 2022; Shinjyo et al., 2021). FI-CR1-DAF
mediated C3-convertase inactivates C3 (Figure 1).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The value ′′0′′ as output infer that in the absence
of CoV2 and PICyts as activators and presence of FI-CR1-DAF as inhibator C3 would be
downregulated.

6. KC3{CoV 2} = 1

• Description: CoV2 and FI-CR1-DAF are active, PICyts is inactive for C3.
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• Evidence: The SARS-CoV-2 bind and activate different initial complements of the comple-
ment cascade, ultimately triggers C3 (Shinjyo et al., 2021; Jodele and Köhl, 2021; Ng and
Powell, 2021; Detsika and Lianos, 2021; Dijkstra et al., 2019). Moreover, it is experimentally
observed that C3 is highly expressed due to SARS-CoV-2 (Henry et al., 2021; Yan et al.,
2021).

• SMBioNet input values: 1 as fixed value.

• SMBioNet output value and inference: The value ′′1′′ as output implies that due to loss
of active negative regulatory complex FI-CR1-DAF and presence of CoV2 the C3 would be
activated.

7. KC3{FI −CR1−DAF} = 0

• Description: FI-CR1-DAF, CoV2 and PICyts are inactive.

• Evidence: Due to absence of CoV2 and PICyts, C3 remain inactivated. It is observed that the
concentration levels of FI-CR1-DAF are low during SARS-CoV-2 infection. We can assume
FI-CR1-DAF is inactive for C3 (Kisserli et al., 2021; Alosaimi et al., 2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The value ′′0′′ as output implies that due to unavail-
ability of activating factors CoV2 and PICyts C3 would be inactivated.

8. KC3{PICyts} = 1

• Description: PICyts, FI-CR1-DAF are active and CoV2 is inactive for C3.

• Evidence: Active PICyts can increase C3 expression and active FI-CR1-DAF inhibits C3
(Dos Santos et al., 2017). The C3 production is positive correlate with IL-6. IL-6 concentration
level reported high in PICyts storm, at the same time C3 level reported high (Aljwaid et al.,
2021). Moreover, the trajectory mediated PICyts and ICS denoting activation of C3 as shown
in CS signalling pathways (Figure 1).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ implies that activating factor
PICyts and loss of active inhibator FI-CR1-DAF would activate C3.

9. KC3{CoV 2, FI −CR1−DAF} = 1

• Description: CoV2 is active, FI-CR1-DAF and PICyts are inactive for C3.

• Evidence: The SARS-CoV-2 load can increase the concentration level of C3. FI-CR1-DAF is
inactive for C3 (Kisserli et al., 2021; Alosaimi et al., 2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ implies that the availability of
CoV2 would activate C3.

10. KC3{FI −CR1−DAF, PICyts} = 1

• Description: PICyts is active, FI-CR1-DAF and CoV2 are inactive for C3.

• Evidence: Followed point-8.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ infer that the positive regulator
PICyts would activate C3.

11. KC3{CoV 2, PICyts} = 1

• Description: CoV2, PICyts and FI-CR1-DAF are active for C3.
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• Evidence: Some references are followed from point-8 with respect to activation of C3 due to
PICyts presence. Additionally, higher titres of SARS-CoV-2 and PICyts recruit more innate
immune cells (eg. macrophages and neutrohils) and acquired immune cells (T-cells). The
positive loop between the Cells and PICyts (Risitano et al., 2020) implies both entities are
directly correlated. PICyts mediated ICS upregulate the C3. The CoV2 induced complement
system pathways lead to production of C3 (Figure 1).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ infer that the C3 would be
generated due to existence of activating factors CoV2 and PICyts and loss of active inhibator
FI-CR1-DAF.

12. KC3{CoV 2, PICyts, FI −CR1−DAF} = 1

• Description: CoV2, PICyts are active and FI-CR1-DAF is inactive for C3.

• Evidence: Some relevant references are to be followed from point-8 with respect to activation
of C3 due to PICyts presence. Additionally, higher titres of SARS-CoV-2 and overexpressed
PICyts have been recruited more innate immune cells (eg. macrophages and neutrohils) and
acquired immune cells (T-cells). Positive loop between ICs and PICyts (Fan et al., 2021;
Risitano et al., 2020) implies both entities are directly correlated. PICyts mediated ICS
upregulate C3.

• SMBioNet input values: 1 as fixed value.

• SMBioNet output value and inference: The output value ′′1′′ implies that the C3 would be
activated due to the presence of activators CoV2 and PICyts.

Target: C5a
Resources include: Activators C3 and PICyts, Inhibitor FI-CR1-DAF

13. KC5a{} = 0

• Description: C3 and PICyts are inactive and FI-CR1-DAF is active for C5a.

• Evidence: C5-convertase cleaved C5 into C5a and C5b. FI-CR1-DAF mediated C5-convertase
inhibit C5a (Figure 1). Moreover, during SARS-CoV-2 recurrent infection it may be possible
FI-CR1-DAF expressed high, and assumed FI-CR1-DAF is active with the low response level
of PICyts (see Figure 9E).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ infer that when FI-CR1-DAF
be in activate state then C5a would be degenerated.

14. KC5a{C3} = 1

• Description: C3, FI-CR1-DAF are active and PICyts is inactive for C5a.

• Evidence: C3 is activated by CoV2 via C3-convertase, which is activated though C1 of
classical pathway, MBL of lectin pathway and C3 of alternative pathways (Noris et al., 2020).
Experimental studies implies concentration level of C5a is reported high in mild, moderate
and severe patients (Henry et al., 2021; Yan et al., 2021; Showers et al., 2021). Expression
levels of FI-CR1-DAF are low during SARS-CoV-2 infection and we assume FI-CR1-DAF is
inactive for C5a (Kisserli et al., 2021; Alosaimi et al., 2021).

• SMBioNet input values: 1 as fixed value.

• SMBioNet output value and inference: The output value ′′1′′ implies that when C3 is in
active state then C5a would be activated even in the presence of FI-CR1-DAF.

15. KC5a{FI −CR1−DAF} = 0

• Description: FI-CR1-DAF, C3 and PICyts are inactive for C5a.
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• Evidence: It is necessary the presence of activating factors C3 and PIcyts for upregulation of
C5a.

• SMBioNet input values: Provided 0 as fixed value.

• SMBioNet output value and inference: The output value ′′0′′ implies that due to unavail-
ability of activators, the C5a would remain suppressed.

16. KC5a{PICyts} = 1

• Description: PICyts, FI-CR1-DAF are active and C3 is inactive for C5a.

• Evidence: Positive loop exist between cytokine storm and overactivated inflammatory cells
macrophages and neutrophils (Figure 1). PICyts mediated inflammatory cells can induce C5a
Atri et al. (2018).

• SMBioNet input values: Minimum and maximum expression level provided as 0,1

• SMBioNet output value and inference: The output value ′′1′′ infer that C5a would be
induced due to the presence of activator PICyts. Even the active FI-CR1-DAF not inhibit C5a,
it may be due to loss of FI-CR1-DAF.

17. KC5a{C3, FI −CR1−DAF} = 1

• Description: C3 is active, FI-CR1-DAF and PICyts are inactive for C5a.

• Evidence: Followed point-14.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ infer that when C3 is in active
state then C5a would be activated.

18. KC5a{FI −CR1−DAF, PICyts} = 1

• Description: FI-CR1-DAF, C3 are inactive,and PICyts active for C5a.

• Evidence: Followed point-16.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ implies that C5a would be
induced due to the presence of activator PICyts.

19. KC5a{C3, PICyts} = 1

• Description: C3 and PICyts and FI-CR1-DAF are active for C5a.

• Evidence: Followed point-14 and point-16.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ deduced that C5a would be
induced due to the presence of activators C3 and PICyts even the active FI-CR1-DAF not
downregulate C5a.

20. KC5a{C3, PICyts, FI −CR1−DAF} = 1

• Description: C3, PICyts are active and FI-CR1-DAF is inactive for C5a.

• Evidence: The active C3 leads to activation of C5a. C3 is activated by CoV2 via C3-
convertase, which is activated though C1 of classical pathway and MBL of lectin pathway
(Noris et al., 2020). During SARS-CoV-2 infection, massive production of PICyts result in
overstimulation of inflammatory cells, which leads to induction of C5a (Figure 1).

• SMBioNet input values: Provided 1 as fixed value.

• SMBioNet output value and inference: The output value ′′1′′ infer that C5a would be
induced due to the presence of activators C3 and PICyts.
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Target: MAC
Resources include: Activators C3 and PICyts

21. KMAC{} = 0

• Description: C3 and PICyts are inactive for MAC.

• Evidence: MAC is unable to induce due to absence of activating entities.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′0′′ implied that due to unavail-
ability of activators MAC remain inactive.

22. KMAC{C3} = 1

• Description: C3 is active and PICyts is inactive for MAC.

• Evidence: The presence of C3 is an initial factor for formation of terminal complement
complex (TCC) MAC. Due to active C3 followed by triggering and cleaving mechanism of
complement entities lead to the formation of MAC. The complete scenario of MAC induction
shown in Figure 1.

• SMBioNet input values: 1 (fixed value).

• SMBioNet output value and inference: The output value ′′1′′ deduced that MAC would be
generated due to the presence of upregulator C3.

23. KMAC{PICyts} = 1

• Description: PICyts is active and C3 is inactive for MAC.

• Evidence: Positive loop Risitano et al. (2020) exist between cytokine storm and overactivated
inflammatory cells macrophages and neutrophils (Figure 1). PICyts stimulate ICs which
activate C5 ultimately formation of active MAC.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ infer that MAC would be
induced due to the presence of activator PICyts.

24. KMAC{C3, PICyts} = 1

• Description: C3 and PICyts are active for MAC.

• Evidence: Followed point-22 and point-23.

• SMBioNet input values: Provided 1 as fixed value.

• SMBioNet output value and inference: The output value ′′1′′ implies that MAC would be
produced due to the presence of activators C3 and PICyts.

Target: FI-CR1-DAF
Resources include: Activator PICyts

25. KFI−CR1−DAF{} = 0

• Description: PICyts is inactive for FI-CR1-DAF.

• Evidence: FI-CR1-DAF remain inactive due to the absence of activator PICyts.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1

• SMBioNet output value and inference: The output value ′′0′′ infer that FI-CR1-DAF would
be inactivated due to unavailability of activating factor PICyts.

26. KFI−CR1−DAF{PICyts} = 1

• Description: PICyts is active for FI-CR1-DAF.
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• Evidence: CR1 and DAF bind with C3b (Forneris et al., 2016), which are produced in a
limited level due to normal stimulation of PICyts during SARS-CoV-2 infection.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 1.

• SMBioNet output value and inference: The output value ′′1′′ implies that due the presence
of PICyts, FI-CR1-DAF would be activated.

Target: PICyts
Resources include: Activators C3 and C5a, inactivator FI-CR1-DAF

27. KPICyts{} = 0

• Description: C3, C5a are inactive and FI-CR1-DAF is active for PICyts.

• Evidence: FI-CR1-DAF directly inhibits C3-convertase and C5-convertase (Thurman and
Renner, 2011; Poppelaars et al., 2018; Chen et al., 2022) then via C3a-C3aR and C5a-C5aR
axises able to suppress the generation of inflammatory cells (macrophages and neutrophils)
and PICyts. In SARS-CoV-2 induced complement system pathways (Figure 1) positive
loop (Hembram, 2021; Risitano et al., 2020; Fan et al., 2021) between cytokine storm and
overactivated inflammatory cells implies there is direct correlation exist between inflammatroy
cells and PICyts.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 2.

• SMBioNet output value and inference: The output value ′′0′′ infer that due to availability of
negative regulator FI-CR1-DAF, PICyts production would be suppressed.

28. KPICyts{C3} = 0

• Description: C3, FI-CR1-DAF are active and C5a is inactive for PICyts.

• Evidence: FI-CR1-DAF directly inhibits C3-convertase and C5-convertase Thurman and
Renner (2011); Poppelaars et al. (2018); Chen et al. (2022) then via C3a-C3aR and C5a-C5aR
axises able to suppress the generation of inflammatory cells and PICyts. In SARS-CoV-2
induced complement system pathways (Figure 1) positive loop (Hembram, 2021; Risitano
et al., 2020; Fan et al., 2021) between cytokine storm and overactivated inflammatory cells
implies there is direct correlation exist between inflammatroy cells and PICyts.

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 2.

• SMBioNet output value and inference: The output value ′′0′′ implies that due to presence of
inhibator FI-CR1-DAF, PICyts would be inactivated even the activator C3 actively involved
in the induction of PICyts.

29. KPICyts{C5a} = 2

• Description: C5a, FI-CR1-DAF are active and C3 is inactive for PICyts.

• Evidence: In COVID-19 due to overexpression of C5a, PICyts found overactivated and
caused cytokine storm (Hembram, 2021; Fan et al., 2021).

• SMBioNet input values: Provide 2 as fixed value.

• SMBioNet output value and inference: The output value as ′′2′′ deduced that due to the
presence of activator C5a and even existence of inhibator FI-CR1-DAF, PICyts would be
overactivated.

30. KPICyts{FI −CR1−DAF} = 0

• Description: FI-CR1-DAF, C3, and C5a are inactive for PICyts.

• Evidence: Presence of active C3 and C5a are necessary for the induction of PICyts Fan et al.
(2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 2.

• SMBioNet output value and inference: The output value as ′′0′′ implies that due to absence
of any activators C3 and C5a, PICyts would not be activated.
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31. KPICyts{C3, C5a} = 2

• Description: C3, C5a, and FI-CR1-DAF are active for PICyts.

• Evidence: Active C3 and C5a mediated leukocytes and lymphocytes produced massive
production of PICyts (Fan et al., 2021).

• SMBioNet input values: Provide 2 as fixed value.

• SMBioNet output value and inference: The output value ′′2′′ infer that due to the availability
of activators C3 and C5a, PICyts can reached to higher concentration level even the FI-CR1-
DAF is actively evolved for downregulation of PICyts.

32. KPICyts{C5a, FI −CR1−DAF} = 2

• Description: C5a is active, FI-CR1-DAF and C3 are inactive for PICyts.

• Evidence: Active C5a produce PICyts. During SARS-CoV-2 infection, C5a massively
generates PICyts (cytokine storm) (Hembram, 2021; Fan et al., 2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 2.

• SMBioNet output value and inference: The output value ′′2′′ infer that due to the availability
of activator C5a, PICyts would be overactivated.

33. KPICyts{C3, FI −CR1−DAF} = 1

• Description: C3 is active, FI-CR1-DAF and C5a are inactive for PICyts.

• Evidence: PICyts is produced by active C3 as C3 via C3a-C3aR axis mediated inflammatory
cells generate PICyts (Fan et al., 2021).

• SMBioNet input values: Minimum and maximum expression level provided as 0 and 2.

• SMBioNet output value and inference: The output value ′′1′′ implies that due to presence
of C3, PICyts would be activated.

34. KPICyts{C3, C5a, FI −CR1−DAF} = 2

• Description: C3 and C5a are active, FI-CR1-DAF is inactive for PICyts.

• Evidence: Active C3 and C5a can trigger PICyts. C3 and C5a mediated leukocytes and
lymphocytes overactivate PICyts (Fan et al., 2021).

• SMBioNet input values: Provided 2 as fixed value.

• SMBioNet output value and inference: The output value ′′2′′ implies that due to the presence
of activators C3 and C5a, PICyts would reached to a higher expression level.
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Carvelli, J., Demaria, O., Vély, F., Batista, L., Chouaki Benmansour, N., Fares, J., Carpentier, S., Thibult,
M.-L., Morel, A., Remark, R., et al. (2020). Association of covid-19 inflammation with activation of
the c5a–c5ar1 axis. Nature, 588(7836):146–150.

Chalise, J. P., Narendra, S. C., Paudyal, B. R., and Magnusson, M. (2013). Interferon alpha inhibits
antigen-specific production of proinflammatory cytokines and enhances antigen-specific transforming
growth factor beta production in antigen-induced arthritis. Arthritis research & therapy, 15(5):1–13.

Chen, Y., Chu, J. M. T., Chang, R. C. C., and Wong, G. T. C. (2022). The complement system in the
central nervous system: From neurodevelopment to neurodegeneration. Biomolecules, 12(2):337.

Chouaki Benmansour, N., Carvelli, J., and Vivier, E. (2021). Complement cascade in severe forms of
covid-19: Recent advances in therapy. European Journal of Immunology, 51(7):1652–1659.

Detsika, M. G. and Lianos, E. A. (2021). Regulation of complement activation by heme oxygenase-1
(ho-1) in kidney injury. Antioxidants, 10(1):60.

Dijkstra, D. J., Joeloemsingh, J. V., Bajema, I. M., and Trouw, L. A. (2019). Complement activation and
regulation in rheumatic disease. In Seminars in immunology, volume 45, page 101339. Elsevier.

Dos Santos, R. S., Marroqui, L., Grieco, F. A., Marselli, L., Suleiman, M., Henz, S. R., Marchetti, P.,
Wernersson, R., and Eizirik, D. L. (2017). Protective role of complement c3 against cytokine-mediated
β -cell apoptosis. Endocrinology, 158(8):2503–2521.

Fan, Y., Wang, Y., Yu, S., Chang, J., Yan, Y., Wang, Y., and Bian, Y. (2021). Natural products provide
a new perspective for anti-complement treatment of severe covid-19: a review. Chinese medicine,
16(1):1–15.

Forneris, F., Wu, J., Xue, X., Ricklin, D., Lin, Z., Sfyroera, G., Tzekou, A., Volokhina, E., Granneman,
J. C., Hauhart, R., et al. (2016). Regulators of complement activity mediate inhibitory mechanisms
through a common c3b-binding mode. The EMBO journal, 35(10):1133–1149.

Garred, P., Tenner, A. J., and Mollnes, T. E. (2021). Therapeutic targeting of the complement system:
from rare diseases to pandemics. Pharmacological reviews, 73(2):792–827.

Hembram, P. (2021). An outline of sars-cov-2 pathogenesis and the complement cascade of immune
system. Bulletin of the National Research Centre, 45(1):1–10.

Henry, B. M., Szergyuk, I., Oliveira, M. H. S. d., Lippi, G., Benoit, J. L., Vikse, J., and Benoit, S. W.
(2021). Complement levels at admission as a reflection of coronavirus disease 19 (covid-19) severity
state. Journal of Medical Virology.

Hovland, A., Jonasson, L., Garred, P., Yndestad, A., Aukrust, P., Lappegård, K. T., Espevik, T., and
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