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Abstract

Introduction

Envenoming by Echis spp. (carpet or saw-scaled vipers) causes haemorrhage and coagulo-
pathy and represents a significant proportion of snakebites in the savannah regions of West
Africa. Early diagnosis of envenoming is crucial in the management of these patients and
there is limited evidence on the utility of the 20-minute whole blood clotting test (20WBCT) in
diagnosing venom-induced consumptive coagulopathy (VICC) following envenoming by
Echis ocellatus.

Methods

A prospective observational cohort study was conducted at the Kaltungo General Hospital
in North-eastern Nigeria from September 2019 to September 2021. Standardised
20WBCTs were conducted by trained hospital staff and citrated plasma samples were col-
lected at numerous timepoints. Prothrombin time (PT) and international normalised ratio
(INR) were determined using a semi-automated analyser and INR values were calculated
using international sensitivity indices (I1Sl). The sensitivity, specificity, positive predictive val-
ues (PPV), negative predictive values (NPV), and likelihood ratios of the 20WBCT com-
pared to an INR > 1.4 were calculated, alongside 95% confidence intervals.
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The 20WBCT is a simple, cheap, and easily accessible bedside test with a high sensitivity

for the detection of patients with venom induced consumptive coagulopathy (VICC) follow-
ing envenoming by E. ocellatus, although false positives do occur. Repeated 20WBCTs can
identify patients with new, persistent, and rebound coagulopathy.

Author summary

Bites by the West African carpet viper (Echis ocellatus) are very common in the savannah
regions of west Africa and envenomed victims usually develop a bleeding syndrome. Rou-
tine laboratory coagulation tests are unavailable in health facilities where most snakebite
victims are treated. We conducted analysis of 20-minute whole blood clotting tests
(20WBCT) performed on snakebite patients in Kaltungo General Hospital, Nigeria who
presented within 24 hours of the bite and who brought a dead snake along for snake iden-
tification, and we assessed its ability to detect venom induced consumptive coagulopathy
(defined as an INR >1.4). In our cohort of 121 patients, the 20WBCT had a sensitivity of
87% and a specificity of 50% in detecting VICC. Performing the 20WBCT increased the
probability of detecting VICC among our study participants, and it was useful in identify-
ing patients with persistent and rebound coagulopathies who may require extra doses of
antivenom. Our findings show that the 20WBCT is a simple, cheap, and easily accessible
bedside test with a high sensitivity for the detection of patients with VICC following car-
pet viper envenoming in North-eastern Nigeria.

1.0. Introduction

Snakebite envenoming is a major cause of death and disability in tropical parts of the world
and is listed as a priority neglected tropical disease (NTD) by the World Health Organization
(WHO) [1]. Snake species of the genus Echis are widely distributed in the Northern half of
Africa, the Middle East, and the Indian subcontinent and are responsible for a significant pro-
portion of snakebite deaths [2]. Echis ocellatus (West African carpet viper) is particularly com-
mon in the savannah region of West Africa where high rates of subsistence agriculture exposes
farmers and agricultural workers to carpet viper bites especially around the farming season [3-
8]. Another Echis sp, Echis romani was the predominant Echis sp (10% of all snakes) in a recent
field survey in Chad and could probably be present in parts of West and Central Africa [9].
Echis venom is similar across species and contains a metalloproteinase-based prothrombin
activator (ecarin) that activates prothrombin, with positive and negative feedback loops that
culminate in the depletion of Factor V, Factor VIII, and fibrinogen, resulting in venom-
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induced consumptive coagulopathy (VICC) [10-12]. The venom also contains other coagulo-
toxins that can act directly on fibrinogen, hemorrhagins that can cause direct damage to the
blood vessel wall, and other toxins that disrupt the integrity of the plasma membranes of mus-
cle fibres, contributing to tissue damage [10,12-14]. Envenoming causes local pain and swell-
ing but is dominated by a coagulopathy and bleeding syndrome that can involve spontaneous
systemic bleeding from the gums, gastrointestinal, and genitourinary tracts, recent trauma
sites or old wounds. Some patients may present with subarachnoid or cerebral haemorrhages
in severe cases [4,7,13]. Early diagnosis of envenoming is crucial in the management of such
snakebite victims as it allows for early antivenom administration, neutralisation of venom tox-
ins and resynthesis of consumed coagulation factors.

Laboratory coagulation tests such as prothrombin time (PT)/ international normalised
ratio (INR) and the fibrinogen concentration can detect coagulation abnormalities following
envenoming by some snake species [8]. They have been shown to be the most effective way of
diagnosing and monitoring VICC in snakebite patients and in determining the need for anti-
venom treatment [15]. However, these tests are not widely available in rural hospitals in sub-
Saharan Africa (SSA) or other lower resource settings where snakebite is most common.

Bedside clotting tests have been used since 1913 to diagnose haematological abnormalities
and to monitor anticoagulant treatment, often being described as simple and easy bedside tests
[16]. The 20-minute whole blood clotting test 20WBCT), was introduced in 1977 by Warrell
and colleagues, as an easy and sensitive sign to detect life threatening haemotoxic envenoming
[7]. The test was originally described as placing “a few millilitres of freshly sampled venous
blood” into a new, clean, dry glass vessel (tube or bottle), and leaving it undisturbed for 20
minutes at ambient temperature. The vessel is tipped once at 20 minutes, and if the blood has
not clotted and runs out, this indicates the presence of VICC and a positive test [7]. The
WHO, alongside Ministries of Health of several countries, currently recommend the 20WBCT
as a bedside test to detect clotting abnormalities associated with snakebite envenoming and to
determine the need for antivenom therapy [17,18]. Several studies have tried to validate the
20WBCT for detecting snakebite envenoming caused by various snake species found in several
countries outside SSA. Compared to formal coagulation tests such as the INR and fibrinogen
concentration, the sensitivity of the 20WBCT varied between 31-100%, and specificities
between 89-100%, largely due to heterogeneity in study setting and design [19-23]. When
compared to an INR > 1.4, a standardised 20WBCT had a sensitivity of 82% with a specificity
of 98% among patients envenomed by Russell’s vipers (Daboia russelii) in Sri Lanka [24]. The
20WBCT has never been validated against the INR for diagnosing VICC following bites by E.
ocellatus. In Kaltungo General Hospital in Nigeria, over 90% of snakebite patients present with
clinical features compatible with envenoming by E. ocellatus, and about 40% of the victims
bring along the dead snake for identification [25,26].

The aim of this study was to investigate the diagnostic characteristics of the 20WBCT in
identifying VICC and informing the use of antivenom following snakebite envenoming by E.
ocellatus. Specifically, the study sought to assess the sensitivity, specificity, positive predictive
value, negative predictive value and likelihood ratios of the 20WBCT compared to an INR
>1.4 following envenoming by E. ocellatus. We also explored the ability of the 20WBCT to
detect incomplete restoration of clotting ability after antivenom treatment.

2.0. Methods
2.1. Ethics statement

The study was approved by competent authorities at the Gombe State Ministry of Health (ref-
erence number MOH/ADM/621/VOL.I/143) and the Research Ethics Committee of the
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Liverpool School of Tropical Medicine (reference number 19-063). Written informed consent
was obtained from the participants prior to data collection, and a witnessed verbal consent was
obtained for participants who could not read or write. For participants less than 18 years of
age, their assent was sought directly, and written or witnessed verbal consent were obtained
from their legal guardians.

2.2. Design and setting

2.2.1. Study setting and study population. This prospective cohort study was conducted
at Kaltungo General Hospital (KGH), Gombe State, Nigeria. Located in the savannah region of
North-Eastern Nigeria, the hospital is a specialised centre with expertise in snakebite research
and training [25,26].

Patients were enrolled between September 2019 and September 2021. We included patients
who presented within 24 hours of the snakebite, were aged > 10 years, brought a dead carpet
viper and provided consent/assent to participate in the study. The carpet vipers in this study
were identified as Echis ocellatus, but recent herpetological surveys suggest they could likely be
Echis romani [9,27]. We have nonetheless maintained the carpet viper specie as Echis ocellatus
throughout the study while awaiting further evidence of the reclassification of snakes from
around KGH.

2.2.2. Current practice at KGH. Current practice involves the use of the 20WBCT on
arrival to identify patients with coagulopathy—which is diagnostic of carpet viper envenoming
in this setting-and to guide clinical management and antivenom administration. The test is
usually repeated every 6 hours following antivenom administration until clotting is restored,
and then every 24 hours for at least three days. There are no formal guidelines on the diagnosis
or management of snakebite envenoming in KGH, however, the staff have benefited from
years of exposure to snakebite clinical research, including randomised controlled clinical trials,
and they have adapted best practices from WHO guidelines and other relevant publications
into the way they manage snakebite victims [17,25].

All patients were treated with EchiTAb-Plus-ICP antivenom (a trivalent anti Echis ocellatus,
Bitis arietans and Naja nigricollis specific, whole equine immunoglobulin (IgG), antivenom
manufactured by Instituto Clodomiro Picado, Costa Rica) according to standard of care, irre-
spective of their participation in the study. Disruptions in antivenom supply during the study
caused the attending physicians to reduce the doses of antivenom administered, and there was
a complete antivenom stockout for about 6 months. Patient enrolment was suspended during
this period because exposing patients to multiple blood draws in the absence of antivenom
treatment was deemed unethical by the study team.

2.3. Data collection and procedures

2.3.1. Data collection. Data were collected on demographics, bite circumstances, bite
characteristics, important time variables (time of bite, time of hospital arrival, time of sample
collection), 20WBCT results, and antivenom treatment (other clinical indications, administra-
tion times, brand, dosage, adverse reactions). Blood samples were collected at the following
timepoints: 0 hour (admission), 6 hours, and then every 24 hours up until discharge or the
tenth day of admission.

2.3.2. 20WBCT procedure. Two millilitres of fresh whole blood were placed in a 5 ml
clean, new, dry, plain glass tube and left undisturbed for 20 minutes at room temperature. The
tube was then tipped to see if the blood ran out or had clotted. The test was reported positive
(abnormal) if the blood ran out after 20 minutes and negative (normal) if the blood failed to
run out [17]. The test was conducted by doctors and nurses working at KGH. They routinely
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conduct the 20WBCT on snakebite victims and they received training on standardised
20WBCT procedures, delivered by two authors (MH and AH) with significant clinical and
research experience on snakebite envenoming.

2.3.3. Prothrombin time and INR. Blood samples were collected in 3.2% buffered
sodium citrate vacutainer tubes (BD Vacutainer) maintaining a whole-blood-to-anticoagulant
ratio of 9:1. Prothrombin time (PT) was determined using the semi-automated blood coagula-
tion analyzer Start Max (STAGO, UK) according to the manufacturer’s specifications. The
INR values were calculated using the international sensitivity indices (ISI) for each lot of PT
reagents [28]. The 20WBCT and INR per time point were based on the blood collected in one
venepuncture using different tubes for each test.

2.4. Sample size

A previous study comparing the 20WBCT to an INR > 1.4 found a sensitivity of 82% for
patients presenting with Russell’s viper bites in Sri Lanka [24]. We estimated a minimum sam-
ple size of 177 participants to detect a sensitivity of 90% of the 20WBCT compared to an INR
>1.4 in detecting VICC in patients presenting with carpet viper bites, with 90% power and a
type I error rate of 0.05.

2.5. Statistical analysis

Descriptive analysis of sociodemographic, clinical data and laboratory data was carried out
using proportions, means, and standard errors (SEs) for normally distributed variables and
medians and interquartile ranges (IQRs) for nonparametric variables. The results of the
20WBCT and the INR were compared at timepoint Ohr, and a Fisher’s exact test was used to
test statistical significance. The sensitivity, specificity, positive predictive values (PPV), nega-
tive predictive values (NPV), and likelihood ratios of the 20WBCT in detecting VICC com-
pared to an INR > 1.4 were calculated, alongside 95% confidence intervals. Pre- and post-test
probabilities were calculated for a positive 20WBCT (abnormal). Sensitivity analyses were car-
ried out using different cut-offs for INR (1.2 and 1.6). Stata V16.1 was used for statistical analy-
ses and a p-value <0.05 was used for statistical significance. The Standards for Reporting of
Diagnostic Accuracy Studies (STARD) guidelines were used to report our findings, and a
STARD checklist and flow chart have been included as a supplementary material (S1 Table
and S1 Fig).

3.0. Results

3.1. Sociodemographic characteristics

During the study period, 5358 patients presented to KGH with a snakebite. A detailed break-
down of the reasons for the exclusion of 5237 patients was unavailable, but anecdotal reports
from the attending clinicians suggest that failure to bring the dead carpet viper and presenting
later than 24 hours after the bite were the main reasons for exclusion. Consequently 121
patients were enrolled into our study (S1 Fig). The median age was 26 (18.0-35.0) years, most
patients were males (75.2%), and farming was the predominant occupation (44.6%). Table 1
presents the sociodemographic and bite characteristics of the study participants.

3.2. Time to hospital presentation

The median delay from bite to hospital arrival was 4.5 (2.8-8.9) hours. Patients whose
20WBCT was negative (normal) on arrival had a shorter median delay of 3.1 (2.1-3.8) hours,
compared to a delay of 5.3 (3.0-10.1) hours for patients with a positive 20WBCT (abnormal).
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Table 1. Sociodemographic and bite characteristics of study participants.

Characteristics (N = 121) Frequency Percent (%)
Age 26 (18-35)
Age, median (IQR)
Gender
Male 91 75.2
Female 30 24.8
Formal education®
None 55 45.5
Primary 21 17.4
Secondary 41 33.9
Tertiary 3 2.5
Marital status
Single 47 38.8
Married 74 61.2
Occupation™
Farmer 54 44.6
Herder 15 12.4
Business/Artisan/Public servant 16 13.2
Students/Unemployed 33 26.3
Previous snakebite 18 14.9
Bite site*
Lower back 3 2.5
Lower limb 98 80.9
Upper limb 19 15.6

*Total number of participants is less than 121. Formal education& Bite site- 1(0.8%) missing. Occupation 3(2.5%)

missing

https://doi.org/10.1371/journal.pntd.0011442.t001

3.3. Diagnostic test characteristics of the 20WBCT at time point 0 hour

The 20WBCT was positive (abnormal) in 101 out of 121 patients at timepoint Oh, of which 95
had an INR > 1.4, giving a sensitivity of 87.2% (95%CI: 79.4-92.8) and a specificity of 50.0%
(95%CI: 21.1-78.9%) (See Table 2). This sample of patients had a pre-test probability of 90%,
and the positive predictive value of a positive 20WBCT (abnormal) on admission was 94.1%

Table 2. Sensitivity, Specificity, Positive predictive and Negative predictive values of 20WBCT vs INR > 1.4,

n=121.
20WBCT at time Ohr INR

INR > 14 INR< 14 Total
Positive (abnormal) 95 6 101
Negative (normal) 14 6 20
Total 109 12 121
Sensitivity 87.2% (95%CI: 79.4-92.8%)
Specificity 50.0% (95%CI: 21.1-78.9%)
Positive predictive value 94.1% (95%CI: 87.5-97.8%)
Negative predictive value 30.0% (95%CI: 11.9-54.3%)
Likelihood ratio for +ve test 1.7 (95%CI: 1.6-1.9)
Likelihood ratio for -ve test 0.3 (95CI%: 0.1-0.4)

https://doi.org/10.1371/journal.pntd.0011442.t002
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(95%CI 87.5-97.8%). After performing the 20WBCT, the probability of having VICC (post-

test probability) increased from 90% to 94%.

3.4. Diagnostic use of the 20WBCT at other time points

3.4.1. Newly positive 20WBCT (abnormal). Eleven of the 20 (55%) patients with a nega-
tive 20WBCT (normal) on admission subsequently developed a positive 20WBCT (abnormal)
at 6h. Two (10%) patients and one (5%) patient further developed positive (abnormal) tests at
24h, and 48h respectively. There were no new positive 20WBCTs (abnormal) beyond 48h post
admission. Only two patients had a consistently negative 20WBCT (normal) throughout
admission. These two patients had INRs ranging from 0.81 to 6.5, with one patient having an
INR >1.4 on three separate occasions (4.68, 2.99 and 1.48), and the other patient having an

INR >1.4 on two separate occasions (6.5 and 1.49).

3.4.2. Persistently positive 20WBCT (abnormal). The 20WBCT was persistently positive
(abnormal) in 48 (40.4%) patients at 6h and in 11 (9.4%), six (5.3%) and eight (6.9%) at 24h,
48h and 72h respectively, despite antivenom treatment. The median INRs for patients with
persistently positive 20WBCT (abnormal) at time points 6h and 48 h were 4.8 and 5.2 respec-
tively and seven (11.8%) patients had an INR < 1.4 and a positive 20WBCT (abnormal). At
time points 72h and 96h, the median INRs were 1.3 and 1.1 respectively, and 10 (58.8%)

patients had an INR < 1.4 and a positive 20WBCT (abnormal).

3.4.3. Rebound positive 20WBCT (abnormal). The 20WBCT detected rebound coagulo-
pathy at 24h with two (1.7%) patients having a coagulopathy (positive 20WBCT (abnormal))
after an initial favourable response to antivenom treatment. A rebound positive 20WBCT
(abnormal) was also detected in eight (7.1%), eight (6.9%), and six (5.6%) patients at 48h, 72h
and 96h respectively. For patients with rebound positive 20WBCT (abnormal), the median
INRs at timepoints 24h, 48h, and 96h were 5.1, 3.8 and 3.7 respectively, and seven (29.2%)

patients had an INR< 1.4 and a positive 20WBCT (abnormal) (See Table 3).

3.5. Antivenom treatment

One hundred and sixteen patients (95.9%) received EchiT Ab-Plus-ICP antivenom in this
study. The indications for antivenom were reported as a positive 20WBCT (abnormal) in 109
(93.9) patients, spontaneous bleeding in four (3.5%) patients and rapidly progressive swelling
in three (2.6%) patients. In 60 (52.17%) patients, there was more than one indication for anti-
venom, the most common being a positive 20WBCT (abnormal) and rapidly progressive

Table 3. 20WBCT results and patients with new, persistent, and rebound positive 20WBCT (abnormal) at various time points.

Time points Oh 6h 24h 48h 72h
20WBCT

Negative (normal) 20(16.5%) 60(50.4%) 102(87.2%) 98(86.7%) 99(86.1%)
Positive (abnormal) 101(83.5%) 59(49.6%) 15(12.8%) 15(13.3%) 16(13.9)
Newly positive 101(83.5%) 11(9.2%) 2(1.7%) 1(0.9%) 0
Persistent positive* 0 48(40.4%) 11(9.4%) 6(5.3%) 8(6.9%)
INR, median (igr) § 4.8(2.7-6.5) 1.7(1.1-6.5) 5.2(1.3-6.5) 1.3(1.1-6.5)
Rebound positiver 0 0 2(1.7%) 8(7.1%) 8(6.9%)
INR, median (iqr) - - 5.1(3.8-6.5) 3.8(1.6-6.5) 2.4(1.5-5.2)
Total 121 119 117 113 115

* = A positive 20WBCT (abnormal) at the previous timepoint immediately preceding the current positive 200WBCT

96h

93(86.1%)
15(13.9)

0

9(8.3%)
1.1(1.0-6.5)
6(5.6%)
3.7(1.2-6.5)
108

A = A previous positive 20WBCT (abnormal) at any time point, followed by a negative 20WBCT (normal) immediately preceding the current positive 20WBCT

https://doi.org/10.1371/journal.pntd.0011442.t1003
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swelling in 54 (46.9%) patients. Treatment doses were reduced from the recommended three
vials of EchiTAb-Plus-ICP per dose, to one vial in 94 (81.0%) patients and two vials in 16
(13.8%) patients. Only five (4.3%) patients received the recommended three vials of anti-
venom, and one patient received four vials of antivenom in a single dose. Eighteen (15.5%)
patients received a second dose of antivenom. The median time between the first and second
doses was 39.8h (IQR, 25.1-62.6h). Seven (38.9%) of these 18 patients had a persistently posi-
tive 20WBCT (abnormal) and eight (44.4%) had a rebound positive 20WBCT (abnormal).
Four patients (3.5%) received three doses of antivenom, two had a persistently positive
20WBCT (abnormal) and two had a rebound positive 20WBCT (abnormal). One patient
received four doses of antivenom, and the patient had a persistently positive 20WBCT (abnor-
mal) up to 96h post admission. There was no stand-alone clinical indication for a repeat anti-
venom dose. Median time from bite to antivenom administration was 6.4h (IQR 3.9-11.8h)
and 17 (14.6%) patients had their antivenom delayed due to disruptions in availability of anti-
venom. Twelve (10.4%) patients developed acute adverse reactions to antivenom treatment,
with five (4.3%) cases reported as facial oedema, three (2.6%) cases as urticaria, two (1.7%)
cases as cyanosis and one (0.9%) case each as abdominal pain and vomiting. Of the five
patients who did not receive antivenom during this admission, all had a negative 20WBCT
(normal) on arrival, with two maintaining a negative 20WBCT (normal) throughout
admission.

3.6. Sensitivity analysis

The sensitivity and specificity of the 20WBCT were 86.6% (95%CI: 78.9-92.3%) and 55.6%
(95%CI: 21.2-86.3%) respectively when using an INR cut-off of 1.2 to detect VICC, and 86.9%
(95%CI: 79.0-92.7%) and 42.9% (95%Cl: 17.7-71.1%) respectively for an INR cut-off of 1.6
(see S2 and S3 Tables). The prevalence of VICC (pre-test probabilities) using INR cut-offs of
1.2 and 1.6 were 93% and 88% respectively, and after performing the 20WBCT, the probabili-
ties of having VICC (post-test probabilities) increased to 96% and 92% respectively.

4.0. Discussion

In Kaltungo General Hospital, Gombe State, Nigeria, patients who presented with a snakebite
and brought along the dead carpet viper had a 90% probability of developing VICC (defined as
INR > 1.4). The 20WBCT had a sensitivity of 87% and a specificity of 50% in detecting VICC,
and the test increased the probability of diagnosing VICC by four percentage points. The
20WBCT was also useful in the detection of new onset coagulopathy post admission, persistent
coagulopathy and rebound coagulopathy.

Our sensitivity of 87% is higher than findings by Ratnayake et al, Silva et al, and Dsilva et al,
who found sensitivities of 82%, 54% and 73% respectively when comparing the 20WBCT to
INR > 1.4 [19,24,29,30], but lower than findings by Sharma et al, Bhatt et al and Shenoy, with
89%, 95% and 96% respectively [30-32]. A head-to-head comparison of the sensitivities of
these studies does not provide an accurate assessment of the performance of the test due to het-
erogeneity in study setting, snake species, INR cut-offs for defining VICC, study inclusion cri-
teria, sample collection time points and other design and analytical methods. It is not clear to
what extent the different mechanisms of VICC by different species affect the performance of
the 20WBCT.

E. ocellatus venom contains prothrombin activators which convert prothrombin to meizo-
thrombin and which have positive and negative feedback loops which end up with deficiencies
in Factors II, V, VIII and fibrinogen [10]. Meizothrombin is a potent activator of Factor V,
rapidly depleting Factor V levels and causing a prolongation of PT and a high INR [33]. For
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snakebite envenoming, an assumption is made that all patients (not on anticoagulants) have a
normal clotting profile and that a minor deviation from the normal is indicative of a rising
INR following envenoming, and if left untreated, could result in significant coagulopathy.
Nonetheless, there remains a need for a more informed choice of the INR cut-off to indicate
VICC following envenoming, a better understanding of the change in INR after antivenom
treatment, and for identifying potential endpoints/cut-offs to indicate reversal of coagulopathy
or resolution of VICC.

Bedside clotting tests such as the 20WBCT correlate closely with the fibrinogen concentra-
tion and are more likely to be positive (abnormal) with partial or complete fibrinogen deple-
tion, which are endpoints of VICC [34,35]. This makes the duration of the test a crucial factor
in its interpretation. The scientific justification for the use of 20 minutes in the 20WBCT is
unclear; several studies have experimented with different observation times for the WBCT,
ranging between 10 and 30 minutes with no justification for the different choices [4,36,37].

In our study, 13.1% (n = 14) of the patients with VICC had a false negative 20WBCT (nega-
tive 20WBCT (normal) with an INR > 1.4) on admission and would not have received anti-
venom had the decision been based solely on the 20WBCT. Of these patients, 7 (50%) had a
clinical indication for antivenom, despite the negative 20WBCT (normal), and received anti-
venom within 6 hours of admission. Other studies comparing 20WBCT to INR report false
negative rates ranging from 4% to 46.2% [19,29-32]. This suggests that, if used in isolation, the
20WBCT may miss a substantial number of patients who may have mild/moderate envenom-
ing, or who may be early in the envenoming process. Fifty percent (n = 6) of the patients with-
out VICC had a false positive 20WBCT (positive 20WBCT (abnormal) with an INR < 1.4) on
admission. All of these patients eventually had an INR > 1.4 at later timepoints.

Our specificity of 50% for the 20WBCT is the lowest that has been reported in the recent lit-
erature. Our sample had a very high prevalence of VICC (90%) and few true negatives on
admission, giving a wide confidence interval around the 50% estimate, and this methodologi-
cal design limited our ability to reliably assess the specificity of the 20WBCT. The true specific-
ity requires evaluation of a population bitten by a wider variety of species, including species
which do not cause coagulopathy. Other studies report very high specificities of the 20WBCT
compared to INR > 1.4, ranging from 94-100% [24,29,30].

We observed false negative 20WBCT and false positive 20WBCT on admission, with all
false negative 20WBCT subsequently becoming positive (abnormal) and all false positive
20WBCT recording high INRs at later time points. This suggests that the time since the bite
may influence the results of the 20WBCT, particularly for false negative 20WBCT, with
patients who present early after the bite being at risk of having their coagulopathies missed. A
false negative 20WBCT could delay antivenom therapy and expose patients to further compli-
cations of envenoming. A false positive diagnosis may expose patients to adverse reactions of
antivenoms, increase health expenditure and use up an often-limited stock of antivenom [30].
These findings also highlight the complexity of snakebite envenoming. It is a rapid and
dynamic process, which can be influenced by factors which are unknown at the time of admis-
sion, such as; the amount of venom injected, venom distribution at time of admission (venom
depots) and the rate of clotting factor replenishment following neutralisation of venom toxin
[10]. These factors, in addition to variable delays in hospital presentation after a bite, require
all snakebite victims to be continuously monitored following admission. This study showed
that the 20WBCT is potentially valuable in monitoring the dynamic evolution of envenoming
and identifying patients requiring new or additional antivenom beyond time point Oh. Repeat-
ing the 20WBCT appeared to identify new cases of VICC and to identify patients with persis-
tent and rebound coagulopathies. The PT/INR are more effective at identifying new and
persistent coagulopathies, but their significance in clinical decision making, especially for
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persistent and rebound coagulopathies, requires further research on the relationship between
change in INR over time, risk of bleeding, and the need for additional doses of antivenoms
[15,30]. Previous studies have shown that the 20WBCT can reliably indicate severe hypofibri-
nogenemia and afibrinogenemia, thereby estimating the risk of bleeding [34,35], however, sev-
eral aspects of the 20WBCT require further research, scientific justifications, and
standardization, such as the size of the test tube, the volume of blood, the effect of different
room temperatures, the duration of the test and the effect of the time since the bite. Current
clinical practice at KGH relies mainly on the 20WBCT for indicating additional antivenom
therapy, and this study supports this practice based on the 20WBCT’s ability to detect persis-
tent and rebound coagulopathy.

In addition to its clinical prowess in detecting VICC, compared to the INR, the 20WBCT is
inexpensive as it can be conducted using any clean glass vial. Health facilities in resource-con-
strained areas can preserve glass vials to conduct 20WBCT, enabling patients save up for anti-
venom and other treatment costs. Furthermore, in some laboratories, clotting assays are run in
batches, with delays of up to 12 hours between sample collection and results. The 20WBCT is
timesaving, can be conducted at any point and can be used as an extra element for the close
monitoring required for all snakebite patients, especially those who have been administered
antivenom.

The 20WBCT remains a simple and practical way of identifying the majority of patients
with VICC on admission following E. ocellatus bites and supporting clinical decision making
for additional antivenom treatment in resource-constrained settings, albeit with some incon-
sistencies and shortcomings. Future research, focussing on clinical outcomes and point-of-
care coagulopathy assays could increase diagnostic options for VICC and improve clinical
decision making. Rapid diagnostic tests, with their simple design and short reading times, can
be a useful addition to current diagnostic options for VICC [38,39]. The ideal test would; com-
bine the affordability and practicality of the 20WBCT with the accuracy of the PT/INR, detect
envenoming early, and reliably assess recovery following antivenom therapy. The minimum
observation period following a suspected/confirmed carpet viper bite may require reconsidera-
tion given that one of our participants developed a new positive 20WBCT (abnormal) 48
hours after admission.

Strengths and limitations

To the best of our knowledge, this is the first study to formally assess the diagnostic character-
istics of the 20WBCT for carpet viper envenoming. However, our results should be interpreted
with the following limitations in mind. We were unable to meet our minimum sample size
and consequently, our study was underpowered, in part due to disruptions in antivenom sup-
ply. Our study design selected for patients with a high probability of being envenomed by car-
pet vipers, as such, we did not have enough true negatives in our study population, and this
limited our ability to assess the specificity of the 20WBCT or to assess its value in diagnosing
systemic envenoming in general clinical practice. Furthermore, only 2% of snakebite victims
were eligible for inclusion in our study, with consequences on the external validity of our
study. Nonetheless, our study provides new insight into the characteristics of the 20WBCT in
detecting carpet viper envenoming in north-eastern Nigeria.

5.0. Conclusion

The 20WBCT is a simple, cheap, and easily accessible bedside test with a high sensitivity for
the detection of patients with VICC following envenoming by E. ocellatus (West African carpet
viper), although false positives do occur. Repeated 20WBCT can identify patients with new,
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persistent, and rebound coagulopathy, thereby extending the utility of the 20WBCT to moni-
toring recovery of normal coagulation and identifying the need for further antivenom
treatment.
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