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Abstract. The local signs and symptoms following snakebites are similar to those of cellulitis caused by bacterial
infections. This leads to empirical treatment with antibiotics, which however is not supported by evidence. Procalcitonin
(PCT) is a biomarker with good diagnostic accuracy for bacterial infection. We studied serum PCT concentration in 100
patients aged 13 years ormore, presenting to the hospital with significant localmanifestations (crossing the joint proximal
to thebittenwound)within 24hours after snakebite. Theextent andprogressionof localmanifestationsweremonitored12
hourly. Baseline PCTmeasurementwas carried out for all patients andmeasurementwas repeated 12 hourly only in those
patientswith progressive localmanifestations. Themedian interqartile rangePCTconcentration did not differ significantly
by the severity of local manifestation at presentation (Grade 2 = 0.28 [0.26–0.30]; Grade 3 = 0.28 [0.26–0.32]; Grade 4 =
0.27 [0.26–0.32] ng/mL; P = 0.15). Furthermore, we did not observe an increase in PCT concentration on serial estimation
in thosewith progressive localmanifestation (0.28, 0.29, and 0.29 ng/mL) over 36 hours. These observations suggest that
the local manifestations following snakebites were not caused by bacterial infection.

Snakebites are a major health problem in developing
countries all over theworld, particularly in the Southeast Asian
region.1 In India, it is estimated that about 45,900 people die
becauseof snakebites annually,mostly in rural areas.2Most of
the snakebites in India are attributed to the “big four” species,
namely Naja naja (Indian cobra), Bungarus caeruleus (Indian
krait), Daboia russelii (Russell’s viper), and Echis carinatus
(saw-scaled viper).3 Local manifestations such as erythema,
warmth, and tender swelling are the early and important signs
of envenomation seen in all of the aforementioned snakebites
except krait. The proteolytic properties of snake venom cause
extensive tissue destruction and devitalization locally, pre-
disposing the wound to bacterial infection from a broad range
of aerobic and anaerobic microorganisms commensal on the
patient’s skin or present in the snake’s oral cavity.4 Skin and
soft tissue infections are a major complication of snakebites.
The incidence of secondary skin and soft tissue infection after
snakebites varies based on the geographic location and
species of snakes, and it is reported to be between 3% and
77%.5–8 Gram-negative microorganisms were isolated in
more than 60%patients, whereas in a previous study from our
institute Gram-positive microorganisms weremore frequently
isolated.9

After snakebites, local manifestations usually include red-
ness, warmth, swelling, pain, tenderness, lymphadenopathy,
and fever, mimicking those due to bacterial infection. It is hard
to tell whether the local manifestations are due to venom or
due to bacterial infection. Prophylactic antibiotics are rou-
tinely used in patients with local manifestations after snake-
bites, despite no clear benefits from such therapy reported in
previous clinical studies.6,10–13 It is important to knowwhether
local manifestations after snakebites are due to venom or
bacteria to avoid inappropriate antibiotic usage.

Inflammatory markers, such as white blood cell count and
C-reactive protein, are less specific for bacterial infections.14

Procalcitonin (PCT) has higher diagnostic accuracy for
bacterial infections14 and also correlates with severity of
bacterial invasion.15 Therefore, this study was carried out to
measure the serum PCT concentration in patients with sig-
nificant local manifestations after snakebite, to correlate its
concentration with varying degrees of local manifestations
and to document the rise in PCT with increasing severity of
local manifestations.
This was a prospective, observational, hospital-based study

conducted between August 2014 and July 2016 in a tertiary
care teaching hospital in South India. The study protocol was
approved by the institutional ethics committee. Written in-
formed consent was obtained from the patients or their legally
acceptable representatives before entry into the study. A
convenient sample of 100 patients with local manifestations
after snakebite was included in the study as there were no
previous studies to calculate the sample size. Patients aged
13 years or more, presenting to the hospital with significant
local manifestations (crossing the joint proximal to the bitten
wound) within 24 hours after snakebites, were included in the
study. Patients were excluded if they had been given antibi-
otics; undergone manipulation of the wound, such as cutting
and suturing; or had a focus of bacterial infection identified
elsewhere.
The proximal extent of local manifestations were marked

and measured with a measuring tape at the time of pre-
sentation. Local manifestations were monitored 12 hourly,
and their progression was noted by measuring the length.
Local manifestations were graded based on their extent,
complications, and systemicmanifestations as follows: Grade
0 – fang marks and minimal local pain; Grade 1 – fang marks,
local pain, and 2.5–15 cm of edema and erythema; Grade 2 –

fang marks, pain, 15–30 cm of edema and erythema, and
systemic symptoms; Grade 3 – fang marks, pain, edema
> 30 cm, and systemic symptoms; Grade 4 –Grade 3 + edema
of the ipsilateral trunk, and local complications such as ne-
crosis, blebs, blisters, or compartment syndrome.
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Blood samples for serum PCT were obtained between 6
and 24 hours after snakebite for all patients and repeated 12
hourly in patients with progressive local manifestations. If an
antibiotic was prescribed, further samples were not taken.
Samples were centrifuged and stored at −80�C. Serum PCT
concentration was measured with the quantitative Ray Bio®

Human PCT ELISA kit. The minimum detectable concen-
tration of humanPCTwas30pg/mL (0.03 ng/mL). All patients
were adequately treated with snake antivenom and all
treatment decisions were based on the treating physician’s
discretion.
Comparison between baseline serum PCT concentrations

of different grades of local manifestations was carried out
using theKruskal–Wallis test. Comparison between the serum
PCT concentrations in patients with progressive local mani-
festations was carried out using theWilcoxon signed rank test
and analysis of variance (ANOVA) with repeatedmeasures. All
statistical analyses were carried out at a 5% level of signifi-
cance, and a P value < 0.05 was considered significant.
During the study period, 327 patients with snakebites were

screened and 100 were included. In 48 patients, local mani-
festations progressed, so a second sample was taken. Of

these 48 patients, three had further progression of local
manifestations, so a third sample was taken. The disposition
chart of patients is summarized in Figure 1. The median
(interqartile range [IQR]) duration from the bite to presentation
of patients to our hospital was 7 (4.6–10) hours. The 1st, 2nd,
and 3rd samples were taken at a mean (standard deviation
[SD]) duration of 13.57 (5.3), 26.6 (5.8), and 39.3 (6.4) hours,
respectively, from the time of bite.
Themean age of patients included in this study was 40.15 ±

12.84 years. Snakebites were more common among males
(59%). Most of the patients with snakebites were farmers
(78%). More than half of the patients had bites to the lower
extremities (66%). There were no patients with Grade 0 or 1
local manifestations, 23 had Grade 2 local manifestations, 62
had Grade 3 local manifestations, and 15 had Grade 4 local
manifestations. The mean (SD) extent of local manifestations
while taking the first sample for 100 patients was 40 (11.28)
cm. The local manifestations of the 48 patients for whom the
second sample was taken had progressed to 83.32 (20.02)
cm. Three patients had further progression of local manifes-
tations to the extent of 111.67 (24.54) cm while taking the 3rd
sample.

FIGURE 1. Disposition chart of patients in the study.
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The median (IQR) PCT concentrations at baseline (n = 100)
for patients with Grade 2, 3, and 4 local envenomation
were 0.28 (0.26–0.30), 0.28 (0.26–0.32), and 0.27 (0.26–0.32)
ng/mL, respectively (Table 1). The difference between the
serum PCT concentrations of different grades of local mani-
festationswasnot statistically significant (P=0.15). In patients
with progressive local manifestations, the 1st, 2nd, and 3rd
median PCT concentrations were 0.28, 0.29, and 0.29 ng/mL,
respectively (Table 2). Differences between the 1st, 2nd, and
3rd PCT concentrations were not found to be statistically
significant (F = 1.30, P = 0.37).
The PCT concentration in normal individuals is less than

0.05 ng/mL,16 and in patients with local bacterial infection, it is
between 0.05 and 2.0 ng/mL.17–19 In our study, the median
PCT concentration at baseline was 0.28 ng/mL. This value
was elevated when compared with normal. At baseline, pa-
tients with higher grades of local manifestations did not have
higher PCT concentrations than patients with lower grades of
local manifestations. Subsequently, there was no increase in
PCT concentrations with increasing grades of local manifes-
tations, suggesting that bacterial infection is unlikely to be the
cause of local manifestations in patients with snakebites. It is
possible that noninfectious inflammatory response produced
by the snake venom is responsible for the elevation of PCT
values in patients with snakebites as compared with normal
individuals.
To our knowledge, this is the first study to measure serum

PCT concentration in patients with local manifestations after
snakebites. We included patients with significant local mani-
festations irrespective of systemic symptoms. Therefore, our
study results are applicable to patients with snakebites in our
geographic area. However, we did not measure the PCT
concentration after initiation of antibiotics. Similarly, measur-
ing PCT in a control population such as those with diabetic
foot infections matched for the extent of local manifestations
may help to clarify the role of bacterial infection in the local
manifestations in patients with snakebites.
Procalcitonin concentrations in patients with local mani-

festations after snakebites were lower than those expected in
patients with cellulitis due to bacterial infection. Procalcitonin
concentrations were not different in different grades of local
manifestations and did not increasewith a significant increase

in local manifestations. Therefore, we suggest that local
manifestations of snakebites may be due to venom itself and
not due to bacterial infection. Randomized controlled trials of
routine versus as clinically indicated use of antibiotics are
needed in patients with local manifestations after snakebites
to investigate the appropriate use of antibiotics.
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and 2nd values.
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