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Abstract: Envenomations that are caused by Viperidae snakebites are mostly accompanied by venom-
induced consumption coagulopathy (VICC) with defibrination. The clinical course of VICC is well
described; however, reports about its detailed effects in the hemocoagulation systems of patients
are sparse. In this pilot study, we prospectively analyzed the changes in plasma fibrinogen that
were caused by the envenomation of six patients by five non-European Viperidae snakes. Western
blot analysis was employed and fibrinogen fragments were visualized with the use of specific anti-
human fibrinogen antibodies. All of the studied subjects experienced hypo- or afibrinogenemia.
The western blot analysis demonstrated fibrinogenolysis of the fibrinogen chains in all of the cases.
Fibrinogenolysis was considered to be a predominant cause of defibrination in Crotalus, Echis, and
Macrovipera envenomation; while, in the cases of VICC that were caused by Atheris and Calloselasma
envenomation, the splitting of the fibrinogen chains was present less significantly.

Keywords: snakebite; Viperidae; venom-induced consumption coagulopathy; fibrinogen; western blot

Key Contribution: The character and dynamics of fibrinogen cleavage and the return to homeostatic
physiological status were analyzed in patients during the course of VICC. Fibrinogen was, in our
cases of envenomation, cleaved mainly into fragments of 44 kDa, 27 kDa, 25 kDa, and 14 kDa.

1. Introduction

Envenomation, by snakebite, from most non-European viperids (family Viperidae,
subfamilies Viperinae and Crotalinae) causes, among other symptoms (e.g., gastrointestinal
disturbances, local edema and tissue damage, hypotension potentially leading to shock,
and kidney injury), venom-induced consumption coagulopathy (VICC). This type of coag-
ulopathy decreases plasma fibrinogen (FBG) levels significantly and leads to the presence
of fibrin/fibrinogen degradation products (FDP). VICC may ultimately lead to bleeding or
thrombotic microangiopathy and, rarely, it may lead to thrombotic complications [1–3].

Defibrination in VICC is caused by proteolytic enzymes, such as thrombin-like en-
zymes (including serine proteases and metalloproteases), or the activators of factors FII,
FVII, or FX [4,5].

This subsequently causes the cleavage of the fibrinogen (FBG) chains and eventually
the formation of fibrin without stabilization by the factor XIII (FXIII) [3,5,6]. Following
this, non-cross-linked forms of FDP are the products of the FBG degradation. Another
mechanism leading to consumption coagulopathy is the direct activation of prothrombin
and other components of the coagulation cascade, such as factors V, VIII/IX, or X. The
result of this mechanism is fibrin formation, including its potential stabilization by the
factor XIII with subsequent degradation to cross-linked forms of FDP/D-dimers, which
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may be the first sign of incoming VICC [7]. FBG and fibrin cleavage are potentiated by the
activation of plasminogen [4,7,8].

A detailed description of the enzymes’ properties and their effects on coagulation
factors in vitro in different snakes has been published elsewhere, mainly with emphasis on
the analysis of the venom’s components [9–12]. The main interest of our pilot study is the
changes and dynamics of FBG levels, its breakdown, and reconstitution, in the context of
changes in the other hemocoagulation parameters. Each change in FBG on the western blot
can be compared with laboratory results and vice versa. Therefore, the use of western blot
analysis may broaden our understanding of what occurs during VICC in humans.

The aim of this prospective pilot study is to analyze the laboratory course of VICC fol-
lowing envenomation by Viperidae snakes, with a special emphasis on changes in FBG. The
course of ongoing fibrinogenolysis and return to physiological FBG levels (the dynamics of
the FBG changes) were monitored over time using western blot analysis wherein the chains
of FBG and its fragments were visualized by specific anti-human fibrinogen antibodies and
compared with the laboratory parameters of hemocoagulation.

2. Results

All of the patients who were included in this pilot study had their hemocoagulation
parameters evaluated throughout the course of their envenomation. Special emphasis was
put on the total levels of fibrinogen in the blood, these levels’ changes over time, the mode
of the fibrinogen’s degradation, and the presence of specific fibrinogen degradation chains.

Furthermore, in all of the patients, the international normalized ratio (INR) of the
prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time (TT),
antithrombin III activity (ATIII), D-dimer levels, and platelet count (PLT) were evaluated at
regular intervals.

2.1. Western Blot Analysis of Fibrinogen

In order to monitor the effect of various snake venoms on human fibrinogen, we
studied plasma, from different patients, that was submitted to SDS-PAGE under reduced
conditions and western blotting reactions using specific antibodies. We found that, in
samples that were taken from 12 to 28 h after an Atheris nitschei bite, the patient’s plasma
contained a slightly decreased intensity of FBG Aα, Bβ, and γ chain bands. The intensity
of the Aα chain band and especially that of the γ chain band were visibly increased with
prolonged time since the snakebite. In addition, at 12 h since the snakebite, the FBG
fragments 27 kDa, 41 kDa, and 44 kDa appeared in comparison with the human fibrinogen
standard and the intensity of these bands decreased gradually with time and the increasing
intensity of the FBG chains (Figure 1a). Envenomation peaked in 12–18 h since the bite
with the lowest FBG and high D-dimer levels (Table 1).

In the case of envenomations by Calloselasma rhodostoma, we found that the intensity
of the FBG Aα and Bβ chain bands decreased in the patient’s plasma samples 8.5 h after
the snakebite. Minimal changes were seen in the γ chain band during the monitoring. FBG
fragments 27 kDa and 44 kDa appeared at all of the measured time points after the snakebite
in comparison to the human fibrinogen standards. Moreover, with prolonged time since the
bite, the intensity of the FBG Aα chain bands increased, especially at 26 h after the snakebite
(Figure 1b). The antivenom was administrated 17 h after the envenomation (Table 2).
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Figure 1. Results of western blot analysis of patient’s plasma proteins after snakebite, over time. 
Plasma proteins were separated by SDS-PAGE under reduced conditions followed by western blot 
analysis using polyclonal anti-human fibrinogen antibodies (DAKO, HPST, Prague, Czech Repub-
lic). Western blot analysis of human fibrinogen in patients’ plasma after bites by Atheris nitschei (a), 
Calloselasma rhodostoma (b), Crotalus adamenteus case 1 (c). MW—protein molecular weight marker 
(Thermo ScientificTM, SpectraTM Multicolor Broad Range Protein Ladder, Life Technologies Czech 
Republic Ltd., Prague, Czech Republic). Molecular masses (kDa) are indicated on the left side. 
FBG—human fibrinogen standard. The sample number is provided in the top line and hours since 
bite in the bottom line. Red arrows mark fibrinogen fragments induced by snakebite. The chains of 
human fibrinogen standards are highlighted with red square boxes. Note: Samples 1 and 2 in Figure 
1a are missing. They were not analyzed by Western blot. 

At only 0.5 h after the Echis coloratus bite, the samples contained decreased intensities 
of the FBG Aα chain bands. A large number of the FBG fragments in the 35–50 kDa region 
and the fragments 12 kDa, 15 kDa, 25 kDa, and 27 kDa appeared in comparison with the 
human fibrinogen standard. The intensity of the FBG Bβ and γ chain bands was decreased. 
We observed no visible FBG Aα chain bands nor 120 kDa or 200 kDa bands in the patient’s 
plasma samples 2.5 and 5.5 h after the bite. We also found a significant decrease in the 
FBG Bβ and γ chain bands’ intensities. Moreover, intensive FBG fragments 44 kDa and 
105 kDa were revealed. The intensity of the FBG fragments decreased with antivenom 
administration and prolonging time (Table 5). The FBG Aα chain bands, 120 kDa and 200 
kDa bands were visible again 12.5 h after the snakebite (Figure 2b).  

In the case of envenomation by Macrovipera schweizeri, we found that, 5.5 h after the 
bite, the patient’s plasma samples contained no visible FBG Aα chain and a significantly 
decreased intensity of the Bβ and γ chain bands (Figure 2c). The FBG fragments 12 kDa, 

Figure 1. Results of western blot analysis of patient’s plasma proteins after snakebite, over time.
Plasma proteins were separated by SDS-PAGE under reduced conditions followed by western blot
analysis using polyclonal anti-human fibrinogen antibodies (DAKO, HPST, Prague, Czech Republic).
Western blot analysis of human fibrinogen in patients’ plasma after bites by Atheris nitschei (a),
Calloselasma rhodostoma (b), Crotalus adamenteus case 1 (c). MW—protein molecular weight marker
(Thermo ScientificTM, SpectraTM Multicolor Broad Range Protein Ladder, Life Technologies Czech
Republic Ltd., Prague, Czech Republic). Molecular masses (kDa) are indicated on the left side.
FBG—human fibrinogen standard. The sample number is provided in the top line and hours since
bite in the bottom line. Red arrows mark fibrinogen fragments induced by snakebite. The chains of
human fibrinogen standards are highlighted with red square boxes. Note: Samples 1 and 2 in (a) are
missing. They were not analyzed by Western blot.

Table 1. Results of hemocoagulation tests (for Atheris nitschei). Legend for the tables: abbrevia-
tions: PT/INR—prothrombin time/the international normalized ratio; APTT—activated partial
thromboplastin time; TT—thrombin time; s—seconds; AT III—antithrombin III; FBG—fibrinogen;
PLT—platelets; NA—not applicable.

Hours Since Bite 0.75 3.75 12 18 22 28 36

PT/INR 0.94 1.02 1.13 1.38 1.35 1.31 1.17

APTT (s) 26.1 27.8 27.8 36.8 34.8 33.2 32.8

TT (s) NA NA NA 22.8 19.4 16.8 15.0

AT III (% activity) 105 84 74 81 76 77 81

FBG Claus (g/L) 2.6 1.6 0.3 0.2 0.3 0.3 0.94

D-dimers (µg/L) 210 3110 18,500 5190 2226 1100 691

PLT (×109/L) 186 NA 159 180 172 172 180

Sample No. 1 2 3 4 5 6 7
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Table 2. Results of hemocoagulation tests (for Calloselasma rhodostoma).

Hours Since Bite 8.5 14 17 26 33 38 44 50

PT/INR 1.15 1.35 1.68 1.43 1.49 1.38 1.28 1.23

APTT (s) 29.1 33.6 38.2 31.4 36.8 35.4 33.8 30.6

TT (s) 31.7 46.3 60.1 45.4 33.5 24.4 20.5 18.6

AT III (% activity) 89 89 89 81 85 88 87 80

FBG Claus (g/L) 0.8 0.14 0.05 0.11 0.2 0.23 0.59 0.65

D-dimers (µg/L) 2616 4526 5096 2176 890 575 85 476

PLT (×109/L) 50 45 44 142 NA 130 NA 121

Antivenom (vials) 3

Sample No. 1 2 3 4 5 6 7 8

In the first case of envenomation by Crotalus adamanteus, we found that 3.5 and 8 h after
the snakebite the patient’s plasma samples did not contain visible bands of FBG Aα and
Bβ chains. The intensity of the γ chain had significantly decreased 8 h after the snakebite.
In samples from 3.5 h to 26 h after the snakebite, the FBG fragments in the 35–40 kDa
and 100–140 kDa regions also completely disappeared. The most intensive FBG fragment
44 kDa and the other 14 kDa, 25 kDa, 27 kDa, and 41 kDa fragments appeared 3.5 h after the
snakebite. The FBG Aα, Bβ, and γ chain bands reappeared in the patient’s plasma samples
from 16 h post-bite and after the administration of the antivenom. They remained at the
same intensity for up to 26 h after the snakebite. The next significant changes occurred 26 h
after the bite, following additional antivenom and plasma administration (Table 3). From
this time point, we observed increased intensity of the FBG Aα, Bβ, and γ chain bands.
FBG fragments in, approximately, the 120, 140 kDa and 35–40 kDa regions appeared. On the
contrary, the 14 kDa, 25 kDa, 27 kDa, 41 kDa, and 44 kDa fragments gradually disappeared
with prolonging time (Figure 1c). In the second case of Crotalus adamanteus envenomation
(Table 4), we determined that, at 4.5 h since the snakebite, the patient’s plasma samples
did not contain visible bands of the FBG Aα chain. The intensity of the Bβ chain and γ

chain bands were significantly decreased. The FBG fragments in the 25–35 kDa region
and fragments 41 kDa and 44 kDa appeared in the first sample, i.e., 4.5 h after snakebite.
Moreover, with prolonging time, the intensity of the FBG Aα chain rose, especially 19 h
after the snakebite. Similarly, the intensity of the FBG fragments in the 25–35 kDa region
slightly decreased and the fragments 41 kDa and 44 kDa disappeared with prolonged time
since the snakebite (Figure 2a).

At only 0.5 h after the Echis coloratus bite, the samples contained decreased intensities
of the FBG Aα chain bands. A large number of the FBG fragments in the 35–50 kDa region
and the fragments 12 kDa, 15 kDa, 25 kDa, and 27 kDa appeared in comparison with the
human fibrinogen standard. The intensity of the FBG Bβ and γ chain bands was decreased.
We observed no visible FBG Aα chain bands nor 120 kDa or 200 kDa bands in the patient’s
plasma samples 2.5 and 5.5 h after the bite. We also found a significant decrease in the
FBG Bβ and γ chain bands’ intensities. Moreover, intensive FBG fragments 44 kDa and
105 kDa were revealed. The intensity of the FBG fragments decreased with antivenom
administration and prolonging time (Table 5). The FBG Aα chain bands, 120 kDa and
200 kDa bands were visible again 12.5 h after the snakebite (Figure 2b).

In the case of envenomation by Macrovipera schweizeri, we found that, 5.5 h after the
bite, the patient’s plasma samples contained no visible FBG Aα chain and a significantly
decreased intensity of the Bβ and γ chain bands (Figure 2c). The FBG fragments 12 kDa,
15 kDa, 25 kDa, 27 kDa, and 44 kDa appeared. The intensity of these bands decreased
with prolonged time. We observed no visible 120 kDa and 200 kDa bands, however these
reappeared 34.5 h after the snakebite.
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Table 3. Results of hemocoagulation tests (for Crotalus adamanteus case 1).

Hours Since Bite 3.5 8 16 20 24 26 29 32 40 210

PT/INR >10 >10 3.89 4.41 4.44 2.38 1.27 1.18 1.14 1.1

APTT (s) >180 >180 56.5 56.9 62 42.1 31.9 32.5 27.2 31.7

TT (s) >180 >180 25.2 25 33.6 26 16.5 16.8 14.4 12.7

AT III (% activity) 61 58 55 59 55 59 65 66 77 78

FBG Claus (g/L) 0.1 0.16 1.13 <0.01 <0.01 0.1 1.27 1.35 1.65 2.97

D-dimers (µg/L) 7321 4591 4269 5251 2078 1817 633 529 274 378

PLT (×109/L) 84 NA 174 NA NA NA 154 NA 130 NA

Antivenom (vials) 4 3 4

FFP (TU) 6

Sample No. 1 2 3 4 5 6 7 8 9 10
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Figure 2. Results of western blot analysis of patients’ plasma proteins after snakebite over time.
Plasma proteins were separated by SDS-PAGE under reduced conditions followed by western blot
analysis using polyclonal anti-human fibrinogen antibodies (DAKO, HPST, Prague, Czech Republic).
Western blot analysis of human fibrinogen in patients’ plasma after bites by Crotalus adamanteus case
2 (a), Echis coloratus (b), Macrovipera schweizeri (c). MW—protein molecular weight marker (Thermo
ScientificTM, SpectraTM Multicolor Broad Range Protein Ladder, Life Technologies Czech Republic
Ltd., Prague, Czech Republic). Molecular masses (kDa) are indicated on the left side. FBG—human
fibrinogen standard. The sample number is provided in the top line and hours since bite in the
bottom line. Red arrows mark fibrinogen fragments induced by snakebite. The chains of human
fibrinogen standards are highlighted with red square boxes.

2.2. Changes in Fibrinogen Levels

A significant decrease in the FBG levels was present in all of the studied subjects. The
changes in the FBG levels in individual patients over time are expressed in Tables 1–6. The
most significant decreases were recorded in both of the envenomations that were caused
by Crotalus adamanteus, wherein the first case showed FBG levels that were lower than
0.01 g/L at 20 and 24 h after the snakebite (Table 3) and the second patient demonstrated
immeasurable FBG levels in the interval between 4.5 and 10 h post envenomation (Table 4).
Only slightly higher minimum levels of FBG were found in cases of Calloselasma rhodostoma
envenomation—0.05 g/L at 17 h (Table 2) and Echis coloratus envenomation—less than
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0.1 g/L–at 2.5 h after the snakebite (Table 5). In the case of Atheris nitschei envenomation,
the lowest measured levels of FBG were 0.2 g/L at 18 h after the bite (Table 1). The decrease
in the FBG levels was the least expressed in Macrovipera schweizeri envenomation—the
lowest value was measured as 1.31 g/L at 5.5 h after the snakebite (Table 6).

Table 4. Results of hemocoagulation tests (for Crotalus adamanteus case 2).

Hours Since Bite 4.5 6.5 10 19 25

PT/INR 1.61 >10 6.22 1.22 1.11

APTT (s) 31.1 >180 >180.0 27.9 26.9

TT (s) 52.4 >180 >180.0 18.3 15.8

AT III (% activity) 89 95 87 87 96

FBG Claus (g/L) <0.01 <0.01 <0.01 0.24 1.02

D-dimers (µg/L) 4550 6470 9874 5019 3414

PLT (×109/L) NA NA NA 234 NA

Antivenom (vials) 3

Sample No. 1 2 3 4 5

Table 5. Results of hemocoagulation tests (for Echis coloratus).

Hours Since Bite 0.5 2.5 5.5 12.5 18 25 30 42

PT/INR 1.23 >10 >10 1.55 1.33 1.07 1.07 1.03

APTT (s) 45.8 >180 >180 34.2 29.2 24.9 24.3 25

TT (s) 23.4 >180 >180 32.6 NA 18.6 17 15.7

AT III (% activity) 85 90 93 83 NA 93 90 90

FBG Claus (g/L) 0.48 <0.10 0.1 0.18 0.41 0.81 1.62 2.07

D-dimers (µg/L) 13,431 10,351 10,615 11,505 NA 16,440 8834 4428

PLT (×109/L) 225 182 244 198 201 NA 166 155

Antivenom (vials) 3 3

FFP TU 3

Sample No. 1 2 3 4 5 6 7 8

Table 6. Results of hemocoagulation tests (for Macrovipera schweizeri).

Hours Since Bite 5.5 9.0 13.0 17.0 21.0 28.5 34.5 40.5

PT/INR 1.47 1.39 1.23 1.16 1.14 1.12 1.16 1.13

APTT (s) 37 39 36.2 33.2 32.6 34.3 36.6 31.6

TT (s) 23 21.1 17.4 15.3 13.4 13.9 13.9 13.3

AT III (% activity) 62 65 69 62 64 67 63 69

FBG Claus (g/L) 1.31 1.32 1.75 2.17 2.45 2.41 2.36 2.53

D-dimers (µg/L) 8217 >6400 >6400 >6400 5189 2314 1438 1276

PLT (×109/L) 88 NA NA 46 39 30 21 48

PLT (TU) 1

Sample No. 1 2 3 4 5 6 7 8
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2.3. Changes in Other Hemocoagulation Parameters

The coagulation times for PT (INR), APTT, and TT were most affected (>10, >180 s,
respectively) following envenomations by Crotalus and Echis vipers, which corresponded
with an extreme decrease in FBG levels and also with the findings of the western blots.
The FBG decline was not accompanied by a significant prolongation of the coagulation
times in Atheris, Calloselasma, and Macrovipera envenomations. D-dimer was elevated in all
of the cases; the highest levels were found following Atheris and Echis bites. The platelet
count was affected only in cases of Calloselasma and Macrovipera envenomation, wherein
they decreased to 44 × 109/L and 21 × 109/L, respectively. A significant decrease in AT
III activity was not recorded. The lowest levels of activity, 62% and 55%, were registered
in one examination of Macrovipera and the Crotalus No. 1 case. The sample number in
the tables corresponds with the sample number in the western blots; the picture of the
FBG degradation process is thus possible to compare with the results of the conventional
laboratory analysis of hemocoagulation (Tables 1–6).

2.4. Clinical Course

Regarding the clinical course of envenomation, we recorded local tenderness, periph-
eral edema reaching to the elbow or arm, mild subcutaneous hematoma at the bite site, and
enlargement of the axillary lymph nodes. One patient, after Crotalus adamanteus enveno-
mation, developed a massive hemorrhagic bulla (Figure 3) at the bite side. The systemic
presentation of the envenomation manifested as gastrointestinal symptoms, temporary
hypotension, and anaphylactic reaction. Serious clinical signs of hemocoagulation distur-
bances, such as significant bleeding or (micro)embolization, were not observed. The length
of the patients’ stays in the intensive care unit were 2–3 days, with a mean of 2.8 days.
Antivenom treatment was used in all of the cases, except for those concerning Atheris enven-
omation, because such an antivenom is not produced. In the cases of Crotalus adamanteus
bites, Antivipmyn Tri, Bioclon, Toriello Guera, Mexico (undetermined whether specific or
paraspecific) was used; in Calloselasma rhodostoma bite cases Malayan Pit Viper Antivenin,
Thai Red Cross, Pathumwaw, Thailand (specific) was used; and in Echis coloratus bite cases
EchiTAb, Instituto Clodomiro Picado, San Jose, Costa Rica (specific) was administered. In
some cases, fresh frozen plasma (FFP) and PLT were administered (Tables 1–6). No patient
died or suffered permanent damage as a consequence of their envenomation.
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3. Discussion

The most significant changes in the results of the western blot analysis following SDS-
PAGE under reduced conditions were observed when comparing the human fibrinogen
standard with patients’ plasma samples after envenomation by both Crotalus adamanteus
and Echis coloratus bites. In these cases, we found no visible, minimally visible, or signifi-
cantly decreased intensity of the FBG chain bands. In the first case of Crotalus adamanteus
envenomation, the experimental data showed the activities of the venom on fibrinogen,
causing degradation of the Aα and Bβ chains within 3.5 h post snakebite. Moreover,
INR/PT, APTT and TT were not recordable and the FBG concentration was low or unde-
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tectable at this time. On the contrary, the γ chain seemed to be more resistant to digestion
as the intensity of the γ chain band was only decreased.

The reason for the disappearance or significant decrease of the individual FBG chain
bands after Crotalus adamanteus envenomation is their probable cleavage by the enzymes
that are contained in the snake venom. Snake venom serine proteases (SVSPs) play a
key role in coagulation or fibrinolytic/fibrinogenolytic activities. SVSPs could release
either fibrinopeptide A or B with specificity depending on the snake species. In addition,
they do not activate FXIII, possibly because they tend to degrade it [13]. The release
of fibrinopeptides and no activation or degradation of FXIII result in non-cross-linked
fibrin formation [14]. Thrombin-like enzymes (TLEs) are capable of limited cleavage of
fibrinopeptides A and B and the conversion of fibrinogen to fibrin. Unlike thrombin, they
activate FXIII or platelets in only a minimum of cases. A major part of TLEs is formed
by the zinc metalloproteinases that preferentially cleave the Aα chain of fibrinogen. The
second part of TLEs is formed by serine protease, which has specific activity toward
the Bβ fibrinogen chain [4]. TLEs simply consume fibrinogen rather than activating the
clotting pathway [5]. Both of these effects lead to fibrinogen consumption due to fibrinogen
degradation without the conversion to fibrin [15]. Fibrinolytic activities, by the means of
the direct degradation of fibrinogen/fibrin and plasminogen activation that are caused by
snake venoms, lead to a decrease in FBG [1,16,17]. This finding agrees with those of the
other measured parameters whose results were unrecordable, including INR/PT, APTT,
TT, and low FBG concentration. Fibrinogen consumption that is induced by TLEs results in
an unrecordable PT/INR and bleeding complications if there is an undetectable level of
FBG. This has been confirmed in our cases. In the western blot analysis, TLEs caused no
visible FBG chain bands and moreover, the cleavage of major Aα and Bβ chains resulting in
the destruction of FBG without its conversion to fibrin. The evidence of the TLEs cleavage
of the FBG chains is also supported by the presence of FBG fragments in the 40–45 kDa
region which could have arisen as a fragment of the alpha chain’s cleavage. Paes Leme et al.
reported, in their work, about the 44 kDa FBG fragment which was shown to originate from
the fibrinogen alpha chain, not fibrin [18]. A 41 kDa fragment could originate from the γ′

chain of FBG [19]. Fragments of similar sizes to the ones that we found (i.e., the 14 kDa,
25 kDa, and 27 kDa fragments) have been described in papers as a result of fibrin(ogen)
cleavage by plasmin and the effect of rattlesnake venom. The 14 kDa and 25 kDa fragments
could probably also originate from the α chain and the 27 kDa from the γ chain [20,21].
This assumption is also confirmed by the fact that these FBG fragments disappear over
time with the increasing intensity of FBG chain bands. On the contrary, some of the bands
of FBG fragments disappeared after the bite and reappeared as time increased after the
snakebite, these are FBG fragments at 120 kDa and 140 kDa. These fragments could be the
result of FBG’s covalent cross-link generation with other plasma proteins as reported by
Mosesson et al. [22]. The only issue that is remaining is the increase in the concentration
of D-dimer. D-dimer is a marker of fibrin degradation after the polymerization of FBG
to a normally formed cross-linked fibrin clot. High levels of D-dimer correspond to the
possibility that fibrinogen is also converted to non-cross-linked fibrinogen degradation
products (FDPs) by the venom. The probable explanation is due to the use of a less specific
D-dimer assay which was, in our case, distorted by the high concentration of interfering
fibrinogen cleavage and/or degradation products [5]. This statement is also supported by
the negligible concentration of D-dimer that was found compared to the theoretical plasma
concentration of FBG and the absence of (micro)thrombi clinical symptoms. Therefore, in
Crotalus adamanteus envenomation cases, all of the indications suggest that fibrinogenolysis
predominates over the activation coagulation cascade.

Toxins of Echis coloratus have a mechanism causing coagulopathy that is similar to
the mechanism of prothrombin activators [5]. Echis species contain metalloproteinase
prothrombin activator toxins that not only activate the clotting pathway but also act
as hemorrhagins. Thus, these metalloproteases directly activate prothrombin but they
convert it into the less active meizothrombin, rather than the fully active thrombin [13].
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Finally, many snake venom metalloproteases are capable of digesting fibrinogen/fibrin
directly [14,23]. The second activity is the degradation of the extracellular matrix and
vascular basement membrane following damage of blood vessel wall. Fibrinogenolysis
was apparent and contributed significantly to the defibrination that was observed in both
of the cases of Crotalus adamanteus envenomation, as well as in the case of Echis coloratus
envenomation, despite the fact that the venom contains prothrombin activators [5]. The
origin of the FBG fragments 25 kDa, 27 kDa, 44 kDa, and 120 kDa was discussed in the
part of this paper that discusses Crotalus adamanteus envenomation. The 12 kDa fragment
could be released from the non-crosslinked fibrin γ chain resp. the 15 kDa fragment from
the fibrin α chain [24]. FBG fragments in 35–50 kDa regions were generated intensively
due to the snake envenomation and their origin has not yet been described. The observed
200 kDa fragment could be generated as a multimer of the FBG alpha chains [25]. A similar
finding of a decrease in the FBG chains and FBG fragments was also shown by western
blot analysis in the case of Macrovipera schweizeri envenomation.

We found that the patients’ plasma samples contained a slightly decreased intensity,
but not disappearance, of the FBG Aα, Bβ, and γ chains at 12 h after an Atheris nitschei
bite. With prolonged time, the visibility of the fibrinogen chains increased and that of
the fibrinogen fragments 41 kDa and 44 kDa decreased. The 27 kDa fragment was prob-
ably generated from the γ chain and only slightly decreased as the γ chain’s intensity
increased [21]. The origin of the other FBG fragments was described in part in the section
of this paper addressing Crotalus adamanteus envenomation. The venom components of the
genus Atheris include TLEs that simply consume FBG rather than activating the clotting
pathway [7]. The procoagulant activity was observed in Atheris squamiger due to activation
via factor V [26]. However, in the reported case, procoagulant activity was found to be
negligible and the main role in afibrinogenemia was credited to fibrinogen–convertase
activity. In our case, AT III was also in the normal range without any dramatic changes; as
such there is the assumption that thrombin is not activated in surplus.

TLEs cause an isolated deficiency of fibrinogen. Observed hypofibrinogenemia is the
main cause of prolonged time in coagulation tests. However, western blot analysis suggests
that the fibrinogenolysis was less intensive compared to the measured concentration of
D-dimer as a degradation product of cross-linked fibrin in this case. In the case of a
Calloselasma rhodostoma bite, similar FBG fragments were found by western blot analysis.
The origin of these fragments is probably the same as that which has been discussed above.

The main limitation of our study is the small range of patients with different treatments,
which could affect the observed parameters as well as the generation of the FBG fragments
that are visible using western blot analysis. The use of western blot analysis followed
by SDS-PAGE under reduced conditions did allow us to differentiate between fragments
but their origins could not be verified. This method provides us with a visual description
of the course of fibrinogen consumption over time as a result of a snakebite. A small
number of studied envenomations also does not allow for statistical analysis. Further
studies, ideally in collaboration with other toxinology centers in Europe and worldwide,
are needed in order to confirm our findings. Another limitation is that some of the timings
of the blood samplings differed between the cases. This was caused, firstly, by different
admission times to the ICU after the bite and, secondly, by the requirements for blood
samplings following therapeutic interventions such as antivenom administration or fresh
frozen plasma application.

4. Conclusions

The results of this pilot study have confirmed that fibrinogenolysis leading to hypofib-
rinogenemia is the main finding in VICC following Viperidae snakebites. The interpretation
of the results of this pilot study is limited due to the low number of subjects. Western
blot analysis has illustrated the course of fibrinogenolysis and offers further information
about the causes of hypofibrinogenemia in VICC. The changes that were observed in our
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study should be also confirmed by experiments with the use of purified fibrinogen and its
reaction to different Viperidae venoms.

5. Materials and Methods

Following Hospital Ethical Committee approval—number 2361/15 S-IV (approved
10 December 2015 updated 16 January 2018. Chair: Dr. Josef Sedivy)—we prospectively
included in this pilot study six patients who developed VICC following snakebites by
non-European Viperidae snakes: the Great Lake bush viper Atheris nitschei, Malayan pit
viper Calloselasma rhodostoma, Eastern diamond-backed rattlesnake Crotalus adamanteus
(two cases), Palestine saw-scaled viper Echis coloratus, and Cyclades blunt-nosed viper
Macrovipera schweizeri. The patients were four amateur and two professional snake-breeders
who were aged 31–67 years (mean: 46 years). They did not have any significant co-
morbidities in their history.

First, blood samples for laboratory evaluation were taken 0.5–8.75 h (mean: 5.8 h;
median: 4 h) after the bite. We administered the antivenom to four out of the six patients (in
total 3–11 doses). The first dose of the antivenom was applied in the range of 2.5–17 h after
the snakebite. Antivenom for the treatment of A. nitschei and M. schweizeri envenomation
does not exist.

All of the patients were, following the appearance of the clinical or laboratory signs of
envenomation in district hospitals, transferred for complex treatment to the specialized
Toxinology Center for the Czech Republic, located at the Department of Anesthesiology
and Intensive Medicine, General University Hospital, Charles University in Prague, Prague,
Czech Republic.

The blood samples were taken for the laboratory evaluation of the hemocoagulation
parameters during the course of the envenomation and treatment. A part of the plasma sam-
ples was deeply frozen to the temperature of−80 ◦C and subsequently stored for the further
processing of western blot analyses. Fibrinogen changes were observed and fibrinogen
fragments were visualized by the use of specific anti-human fibrinogen antibodies.

The western blot analysis can be described as follows: the FBG standard of concen-
tration was 1 g/L (Sigma-Aldrich, Prague, Czech Republic) and the plasma samples were
diluted 10 times with PBS. The samples, for denaturing protein gel electrophoresis on
NuPAGETM Bis-Tris Mini Gels, were prepared under reducing conditions according to
the NuPAGE technical guide (ThermoFisher Scientific, Life Technologies Czech Republic
Ltd., Prague, Czech Republic). Briefly, 4 µL of the diluted sample was mixed with 5 µL
NuPAGE LDS Sample Buffer (4X), 2 µL NuPAGE Reducing Agent (10X), and 9 µL H2O.
The samples were heated at 70 ◦C for 10 min. The plasma protein samples were separated
by SDS-PAGE in 4–12% gradient NuPAGE® Bis-Tris Mini gel using 1× NuPAGE mor-
pholinepropanesulfonic acid running buffer according to the manufacturer’s instructions.
The separated proteins were transferred onto polyvinylidene fluoride (PVDF) membranes
using Owl™ HEP Series Semidry Electroblotting Systems (10 V, 80 mA for 30 min and 10 V,
200 mA for 90 min). The non-specific binding sites were blocked by 5% nonfat milk in
0.1% Tween/Tris-buffered saline for 1 h at room temperature. The FBG immunodetection
was performed using rabbit anti-human fibrinogen polyclonal antibody (DAKO, HPST,
Prague, Czech Republic; dilution 1:50,000 in 0.1% Tween/Tris-buffered saline) for 1 h at
room temperature. Then, the blots were washed three times with 0.1% Tween/Tris-buffered
saline and incubated with goat anti-rabbit antibody that was conjugated with alkaline
phosphatase (Sigma-Aldrich, Prague, Czech Republic; dilution 1:50,000 in 0.1% Tween/Tris-
buffered saline) for 1 h at room temperature. The visualization of the immunoreactions
was carried out by using the BCIP/NBT liquid substrate system reaction (Sigma-Aldrich,
Prague, Czech Republic).

Author Contributions: Conceptualization, J.V.; Methodology, J.V., A.H., Z.S. and J.S.; Formal analysis,
J.S.; Investigation, J.V. and Z.S.; Resources, P.M., Data Curation, J.V. and A.H.; Writing—Original
Draft Preparation, J.V. and A.H., Writing—Review & Editing, Z.S., M.H. and P.M.; Supervision, P.M.;



Toxins 2022, 14, 538 11 of 12

Project Administration, Z.S. and M.H. All authors have read and agreed to the published version of
the manuscript.

Funding: Supported by MZCZ-DRO-VFN64165.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of General University Hospital in Prague (protocol
number 2361/15 S-IV, approved 10 December 2015, updated 16 January 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article (Tables 1–6).

Acknowledgments: The authors would like to thank Jan Evangelista Dyr (in memoriam) for his
contribution to the design of this study and Ivana Malikova for the storage of the patients’ plasma
samples for further processing.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. White, J. Snake venom and coagulopathy. Toxicon 2005, 45, 951–967. [CrossRef]
2. Al-Sadawi, M.; Mohamadpour, M.; Zhyvotovska, A.; Ahmad, T.; Schechter, J.; Soliman, Y.; McFarlane, S.I. Cerebrovascular

accident and snake envenomation: A scoping study. Int. J. Clin. Res. Trials 2019, 4, 133. [CrossRef] [PubMed]
3. Noutsos, T.; Currie, B.J.; Wijewickrama, E.S.; Isbister, G.K. Snakebite associated thrombotic microangiopathy and recommenda-

tions for clinical practice. Toxins 2022, 14, 57. [CrossRef]
4. Lu, Q.; Clemetson, J.M.; Clemetson, K.J. Snake venoms and hemostasis. J. Thromb. Haemost. 2005, 3, 1791–1799. [CrossRef]
5. Berling, I.; Isbister, G.K. Hematologic effect and complications of snake envenoming. Transfus. Med. Rev. 2015, 29, 82–89.

[CrossRef]
6. Mosesson, M.W.; Siebenlist, K.R.; Meh, D.A. The structure and biological features of fibrinogen and fibrin. Ann. N. Y. Acad. Sci.

2001, 936, 11–30. [CrossRef]
7. Valenta, J.; Stach, Z.; Porizka, M.; Michalek, P. Analysis of hemocoagulation tests for prediction of venom-induced consumption

coagulopathy development after Viperidae bite. Bratisl. Med. J. 2019, 120, 566–568. [CrossRef] [PubMed]
8. Slagboom, J.; Kool, J.; Harrison, R.A.; Casewell, N.R. Haemotoxic snake venoms: Their functional activity, impact on snakebite

victims and pharmaceutical promise. Br. J. Haematol. 2017, 177, 947–959. [CrossRef]
9. Kini, R.M.; Rao, V.S.; Joseph, J.S. Procoagulant proteins from snake venoms. Haemostasis 2001, 31, 218–224. [CrossRef] [PubMed]
10. Swenson, S.; Markland, F.S., Jr. Snake venom fibrin(ogen)olytic enzymes. Toxicon 2005, 45, 1021–1039. [CrossRef]
11. Senis, Y.A.; Kim, P.Y.; Fuller, G.L.J.; García, A.; Prabhakar, S.; Wilkinson, M.C.; Brittan, H.; Zitzmann, N.; Wait, R.;

Warrell, D.A.; et al. Isolation and characterization of cotiaractivase, a novel low molecular weight prothrombin activator from the
venom of Bothrops cotiara. Biochim. Biophys. Acta 2006, 1764, 863–871. [CrossRef]

12. Wang, H.; Chen, X.; Zhou, M.; Wang, L.; Chen, T.; Shaw, C. Molecular characterization of three novel phospholipase A2 proteins
from the venom of Atheris chlorechis, Atheris nitschei and Atheris squamigera. Toxins 2016, 8, 168. [CrossRef] [PubMed]

13. McCleary, R.J.R.; Kini, R.M. Snake bites and hemostasis/thrombosis. Thromb. Res. 2013, 132, 642–646. [CrossRef] [PubMed]
14. Rojnuckarin, P. Snake Venom and Hemostasis. In Clinical Toxinology in Asia Pacific and Africa. Toxinology; Gopalakrishnakone, P.,

Faiz, A., Fernando, R., Gnanathasan, C., Habib, A., Yang, C.C., Eds.; Springer: Dordrecht, The Netherlands, 2015; Volume 2,
pp. 415–435. [CrossRef]

15. Isbister, G.K. Procoagulant snake toxins: Laboratory studies, diagnosis, and understanding snakebite coagulopathy. Semin.
Thromb. Hemost. 2009, 35, 93–103. [CrossRef] [PubMed]

16. Markland, F.S. Snake venom and the hemostatic system. Toxicon 1998, 36, 1749–1800. [CrossRef]
17. Budzynski, A.Z.; Pandya, V.B.; Rubin, R.N.; Brizuela, B.S.; Soszka, T.; Steward, G.J. Fibrinogenolytic fibrinogenemia after

envenomation by Western diamondback rattlesnake (Crotalus atrox). Blood 1984, 63, 1–14. [CrossRef] [PubMed]
18. Paes Leme, A.F.; Prezoto, B.C.; Yamashiro, E.T.; Bertholm, L.A.; Tashima, K.; Klitzke, C.F.; Camargo, A.C.M.; Serrano, S.M.T.

Bothrops protease A, a unique highly glycosylated serine proteinase, is a potent, specific fibrinogenolytic agent. J. Thromb.
Haemost. 2008, 6, 1363–1372. [CrossRef]

19. Lancellotti, S.; Rutella, S.; De Filippis, V.; Pozzi, N.; Rocca, B.; De Cristofaro, R. Fibrinogen-elongated chain inhibits thrombin-
induced platelet response, hindering the interaction with different receptors. J. Biol. Chem. 2008, 283, 30193–30204. [CrossRef]

20. Maruñak, S.L.; Acosta, O.C.; Leiva, L.C.; Ruiz, R.M.; Aguirre, M.V.; Teibler, P. Mice plasma fibrinogen consumption by thrombin-
like enzyme present in rattlesnake venom from the north-east region of Argentina. Medicina 2004, 64, 509–517.

21. Pizzo, S.V.; Schwartz, M.L.; Hill, R.L.; McKee, P.A. The effect of plasmin on the subunit structure of human fibrinogen. J. Biol.
Chem. 1972, 247, 636–645. [CrossRef]

22. Mosesson, M.W.; Holyst, T.; Hernandez, I.; Siebenlist, K.R. Evidence for covalent linkage between some plasma a2-antiplasmin
molecules and Aa chains of circulating fibrinogen. J. Thromb. Haemost. 2013, 11, 995–998. [CrossRef]

http://doi.org/10.1016/j.toxicon.2005.02.030
http://doi.org/10.15344/2456-8007/2019/133
http://www.ncbi.nlm.nih.gov/pubmed/31528777
http://doi.org/10.3390/toxins14010057
http://doi.org/10.1111/j.1538-7836.2005.01358.x
http://doi.org/10.1016/j.tmrv.2014.09.005
http://doi.org/10.1111/j.1749-6632.2001.tb03491.x
http://doi.org/10.4149/BLL_2019_092
http://www.ncbi.nlm.nih.gov/pubmed/31379178
http://doi.org/10.1111/bjh.14591
http://doi.org/10.1159/000048066
http://www.ncbi.nlm.nih.gov/pubmed/11910188
http://doi.org/10.1016/j.toxicon.2005.02.027
http://doi.org/10.1016/j.bbapap.2006.03.004
http://doi.org/10.3390/toxins8060168
http://www.ncbi.nlm.nih.gov/pubmed/27258312
http://doi.org/10.1016/j.thromres.2013.09.031
http://www.ncbi.nlm.nih.gov/pubmed/24125598
http://doi.org/10.1007/978-94-007-6386-9_49
http://doi.org/10.1055/s-0029-1214152
http://www.ncbi.nlm.nih.gov/pubmed/19308897
http://doi.org/10.1016/S0041-0101(98)00126-3
http://doi.org/10.1182/blood.V63.1.1.1
http://www.ncbi.nlm.nih.gov/pubmed/6537796
http://doi.org/10.1111/j.1538-7836.2008.02995.x
http://doi.org/10.1074/jbc.M803659200
http://doi.org/10.1016/S0021-9258(19)45656-1
http://doi.org/10.1111/jth.12193


Toxins 2022, 14, 538 12 of 12

23. Rodrigues, C.R.; Molina Molina, D.A.; de Souza, D.L.N.; Cardenas, J.; Costal-Oliveira, F.; Guerra-Duarte, C.; Chávez-Olórtegui, C.
Biological and proteomic characterization of the venom from Peruvian Andes rattlesnake Crotalus durissus. Toxicon 2022,
207, 31–42. [CrossRef] [PubMed]

24. Walker, J.B.; Nesheim, M.E. The molecular weights, mass distribution, chain composition, and structure of soluble fibrin
degradation products released from a fibrin clot perfused with plasmin. J. Biol. Chem. 1999, 274, 5201–5212. [CrossRef]

25. Greenberg, C.S.; Enghild, J.J.; Mary, A.; Dobson, J.V.; Achyuthan, K.E. Isolation of a fibrin-binding fragment from blood
coagulation factor XIII capable of cross-linking fibrin(ogen). Biochem. J. 1988, 256, 1013–1019. [CrossRef] [PubMed]

26. Mebs, D.; Holada, K.; Kornalik, F.; Simak, J.; Vankova, H.; Müller, D.; Schoenemann, H.; Lange, H.; Herrmann, H.W. Severe
coagulopathy after a bite of a green bush viper (Atheris squamiger): Case report and biochemical analysis of the venom. Toxicon
1998, 36, 1333–1340. [CrossRef]

http://doi.org/10.1016/j.toxicon.2021.12.008
http://www.ncbi.nlm.nih.gov/pubmed/34968566
http://doi.org/10.1074/jbc.274.8.5201
http://doi.org/10.1042/bj2561013
http://www.ncbi.nlm.nih.gov/pubmed/3066350
http://doi.org/10.1016/S0041-0101(98)00008-7

	Introduction 
	Results 
	Western Blot Analysis of Fibrinogen 
	Changes in Fibrinogen Levels 
	Changes in Other Hemocoagulation Parameters 
	Clinical Course 

	Discussion 
	Conclusions 
	Materials and Methods 
	References

