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MEDICINE AND THE ENVIRONMENT
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Wound infections following cytotoxic snakebites are common. Bites from Naja nigricincta nigricincta (an African spitting cobra) usually
present as severe dermonecrosis spreading within the subdermal fascia layer. Primary infections can follow inoculation of the snake’s
oral flora during the bite, worsening the dermonecrosis into infective necrotising fasciitis. We report the case of a 2%-year-old boy who
presented with infective (Proteus vulgaris) necrotising fasciitis after an N. n. nigricincta bite, resulting in multiple-organ failure and death.
A P. vulgaris with the same antibiotic profile was cultured from the mouth of the snake.
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Naja nigricincta nigricincta (western barred spitting cobra/zebra
snake) (Fig. 1) is endemic to central and northern Namibia as well
as southern Angola. It is responsible for most of the venomous
snakebites seen in these areas of Namibia. The majority of bites
occur at night while the victims are asleep. These are often babies
and small children, who suffer high mortality. The snake frequents
human habitation, both urban and rural, and is often found inside
dwellings.[

Like other African spitting cobras, namely Naja mossambica and
Naja nigricollis, N. n. nigricincta injects its highly cytotoxic venom
into the subdermal fascia layer. Necrosis spreads rapidly in a plane
between skin and deeper-lying muscles. The subcutaneous necrotic
spread usually extends considerably further than the overlying skin
discoloration.!!

Apart from severe local swelling and blue discoloration of the skin
overlying the bite site,"? victims of N. n. nigricincta bites can also
present with drowsiness, convulsions, raised serum creatine kinase
(CK), haematological features of haemolysis, and a raised international

Fig. 1. Naja nigricincta nigricincta (western barred spitting cobra/zebra
snake) is endemic to central and northern Namibia and southern Angola.

normalised ratio (INR).’) The last-mentioned three abnormalities
have only been reported in association with N. n. nigricincta bites and
were thought to be venom-induced systemic manifestations.! Kidney
failure has been reported (authors’ clinical experience). Children have
high morbidity and mortality, but the specific pathogenesis is still
unclear. They often present with excessive swelling, and are prone to
develop systemic inflammatory response syndrome (SIRS), progressing
to multiple-organ dysfunction syndrome and death (authors’ clinical
experience).

Specific antivenom is not available. The accepted southern
African protocol for the treatment of spitting cobra bites, i.e.
intravenous South African Institute for Medical Research (SAIMR)
polyvalent antivenom followed by late debridement, was historically
part of the routine treatment of N. n. nigricincta bites.'*” However,
even very large doses of up to 200 mL, administered early
(within hours) following the bite, were unable to prevent severe
disfiguration and function loss. This protocol was eventually
abandoned in favour of emergency surgical debridement and
antibiotics without antivenom administration (proposed by author
PJCB in 1976), which resulted in much more favourable functional
and cosmetic clinical outcomes.™¥

An exception to the above management are bites in the face. Most
of the bites that have been encountered in the face and head regions
occurred in children, many of whom presented very late without
receiving any treatment. Contrary to expectation, the resulting
destructive dermonecrosis was much milder than that encountered
after bites on limbs. Whether this is due to different anatomy of
the head and face compared with the extremities, or factors such
as blood supply or fascial compartments, is open to speculation. In
the majority of these cases, later surgery with minimal debridement
and small skin grafts were sufficient (clinical experience gained over
the past 46 years — PJCB). With this in mind, the decision regarding
surgery should be based on individual circumstances in consultation
with a snakebite expert and a plastic surgeon.
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A 2¥s-year-old boy was admitted to the emergency department at
21h10, 20 minutes after being bitten by a snake while asleep in his bed.
The snake was found under his pillow, identified as N. n. nigricincta,
and removed for relocation by the local snake expert and handler.

On admission, the patient was uncomfortable and restless. There
were puncture marks on both his upper and lower right eyelids, with
blue discoloration and marked swelling. The right side of his face was
slightly swollen. Blood pressure, pulse and respiratory rates, oxygen
saturation and temperature were within normal limits. A full blood
count, urea and electrolytes, liver function tests, and measurement
of C-reactive protein and CK were requested. Marked neutrophilia
with elevated lactate dehydrogenase and CK levels was present
(Tables 1 - 3).

The findings on ophthalmological examination were normal. The
patient was admitted to the intensive care unit under the care of
a paediatrician. Treatment was initiated with intravenous fluids,

Table 1. Summary of laboratory test results: Full blood count

ampicillin-cloxacillin, dexamethasone, paracetamol and morphine.
During the night, the patient’s pulse rate gradually increased to a
sinus tachycardia of 160 bpm. Urinary output decreased, glucose
levels rose to >20 mmol/L, and the inflammatory markers C-reactive
protein, white blood cell count and platelets, as well as potassium, urea,
aspartate transaminase, lactate dehydrogenase and CK (25 690 IU/L)
levels, were increased (Tables 1 - 3). Treatment was altered accordingly,
with increased fluids, forced diuresis and insulin infusion.

A plastic surgery consultation was sought the next morning. There
was severe blue/black discoloration of the skin around the right
eye. Areas of blue discoloration were present in the right temporal
and submandibular regions. The whole face was swollen, noticeably
more so on the right. The areas of discoloration were marked and
documented. The patient was closely observed for any deterioration.

During the course of the day the patient became progressively
more pyrexial (temperature 38.3°C), and the pulse rate increased to
200 bpm. The trunk and extremities appeared mottled, and he was

Date 7 Nov 8 Nov 8 Nov 9 Nov 10 Nov
Time after bite 1 hour 9 hours 14 hours Day 2 Day 3
Time of day 21h00 5h00 10h00 15h30 -

Red cell count (3.7 - 5.3 x 10'?/L)* 4.89 5.79 522 5.8 6.12
Haemoglobin (10.5 - 13.5 g/dL) 12.8 15.1 13.8 16.4 17
Haematocrit (31 - 39%) 38 48 40 48 51
MCV (70 - 86 fl) 78 80 77 82 83
MCH (23 - 31 pg) 26 28 27 28 28
MCHC (30 - 36 g/dL) 34 33 34 34 34
RDW (0 - 16%) 14.6 15.2 15.2 16.1 16.5
White cell count (5.5 - 15.5 x 10°/L) 26 27 24.8 34 9
Neutrophils (6 - 26 x 10°/L) 41 71 77 78.4 20
Lymphocytes (2.0 - 11.0 x 10°/L) 54 9 14.4 15
Monocytes (0.4 - 3.1 x 10°/L) 5 10 5 5.9 15
Basophils (0.00 - 0.32 x 10°/L) - - 12 1 -
Platelet count (150 - 400 x 10°/L) 318 488 414 23 18
Neutrophil bands - N N - N
Metamyelocytes - - N - N
Myelocytes - - - - N
Other G - sC LD EC left shift

MCYV = mean corpuscular volume; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration; RDW = red cell distribution width; N = noted;

LC = lymphocytosis; SC = spherocytosis; LD = leucocyte degeneration; EC = erythrocytosis.

*Normal values in parentheses.

Table 2. Summary of laboratory test results: Urea and creatinine, C-reactive protein, clotting profile

Date 7 Nov 8 Nov 8 Nov 9 Nov 10 Nov
Time after bite 1 hour 9 hours 14 hours Day 2 Day 3
Time of day 21h00 5h00 10h00 15h30 -
Sodium (136 - 146 mmol/L)* 140 140 136 154 159
Potassium (3.5 - 5.1 mmol/L) 3.4 5 5.8 3.7 52
Chloride (98 - 110 mmol/L) 109 109 109 127 126
Bicarbonate (20 - 29 mmol/L) 15.8 18.7 16.1 17.2 15.2
Anion gap (3 - 15 mmol/L) 15 12 11 10 18
Urea (1.8 - 6.4 mmol/L) 6.1 7.1 7.4 9.6 11.7
Creatinine (27 - 62 pmol/L) 61 63 62 70 80
CRP (0 - 10 mg/L) 0.5 7.2 36.8 24.7 -
INR (0.9 - 1.3) - - 14 2 24
PTT (23.7 - 36.3 5) - - 35.1 52.7 .
APTT (21 - 35 s) - - 28.7 28.7 .

CRP = C-reactive protein; INR = international normalised ratio; PTT = partial thromboplastin time; APTT = activated partial thromboplastin time.

*Normal values in parentheses.
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very restless. By 17h00 the blue discoloration involved the entire
right side of his face. Excessive swelling of his neck was present, and
the imminent airway compromise necessitated tracheal intubation
(22 hours after the bite). At 20h00 the temperature was 39.3°C, the
pulse rate 220 bpm; the serum potassium level (measured at 10h00)
was 5.8 mmol/L. The discoloration and swelling were still spreading.
It was decided to take the patient to theatre for surgical debridement.

Foul-smelling liquified fascia and subdermal tissues were found
upon incision. All visible necrotic tissue from the right temporal and
subdermal areas was removed and a swab was taken for microscopy,
culture and antibiotic sensitivity (MC&S). The latter yielded a Proteus
vulgaris, sensitive to amikacin, ciprofloxacin, cefepime, gentamicin,
piperacillin-tazobactam
trimethoprim and resistant to ampicillin, amoxycillin-clavulanate,
cefuroxime, cefoxitin, ceftriaxone and imipenem (Table 4). Blood
cultures did not grow any organisms.

meropenem, and sulfamethoxazole-

Post debridement the patient remained tachycardic (pulse rate
220 bpm) hypotensive and pyrexial. Piperacillin-tazobactam was
added and an adrenaline infusion was started. At 05h00 the next
morning (32 hours after the bite), the patient went into asystole.
A sinus rhythm was regained after cardiopulmonary resuscitation
(CPR). During the next 3 hours the patient experienced another five
episodes of pulseless electrical activity necessitating CPR and was
successfully resuscitated.

Despite full inotropic support, ventilation and aggressive
supportive treatment, the Glasgow Coma Score remained 3/10T
with fixed dilated pupils and a persistent acidosis. The patient was
too unstable to leave the unit for a computed tomography brain
scan or another debridement in theatre. Very poor urine output was
achieved. An echocardiogram done 40 hours after the bite showed
global myocardial hypokinesia, a dilated left ventricle and a left
ventricular ejection fraction of 38%.

Table 3. Summary of laboratory test results: Liver function, creatine kinase and other tests

Date 7 Nov 8 Nov 8 Nov 9 Nov 10 Nov
Time after bite 1 hour 9 hours 14 hours Day 2 Day 3
Time 21h00 5h00 10h00 15h30 -
Total protein (56 - 75 g/L)* 72 61 52 24 30
Albumin (38 - 54 g/L) 45 42 36 15 14
Globulin (21 - 35 g/L) 27 19 16 9 16
Total bilirubin (2.0 - 20.0 pmol/L) 5 11 15 21 32
Conjugated bilirubin (0 - 8 umol/L) 2 5 4 8 9
Unconjugated bilirubin (2.0 - 17.0 umol/L) 3 6 11 13 23
Alkaline phosphatase (40 - 150 IU/L) 403 382 305 76 81
GGT (12 - 64 IU/L) 16 15 13 7 4
ALT (0.0 - 55 IU/L) 23 134 217 900 1371
AST (5 - 341IU/L) 84 1392 1 806 2280 1990
LD (180 - 430 IU/L) 678 1468 2013 7 650 6930
Total CK (30 - 200 IU/L) 679 25690 39110 129 600 120 200
Calcium (2.1 - 2.55 mmol/L) - - - 1.59 -
Magnesium (0.7 - 1.15 mmol/L) - - - 0.91 -
Phosphate (0.78 - 1.53 mmol/L) - - - - -
Procalcitonin (<0.1 ng/mL) - - - >10 >10
Haptoglobin (0.5 - 2.2 g/L) - - >0.06 0.1 <0.06
Myoglobin, serum (1.28 - 3.67 nmol/L) - - 3893 3893 =
Myoglobin, urine (2.2 - 5 nmol/L) - - - 1+ -
Fibrinogen (2 - 4 g/L) - - 2.3 3.1 -
D-dimer (>0.5 pg/mL) - 0.4 - - -
GGT = gamma-glutamyl transferase; ALT = alanine transaminase; AST = aspartate aminotransferase; LD = lactate dehydrogenase; CK = creatine kinase.
*Normal values in parentheses.
Table 4. Organisms cultured from the patient’s wound and from the snake
Location Penicillins Cephalosporins ~ Carbapenems Aminoglycosides Other
Organism Patient  Snake AC A PT 2 3 4 IM M AK G CF ST
Proteus vulgaris  Wound ~ Mouth, pharynx, R R S R S R S S S S S
cloaca
Morganella Mouth, venom, R R R R R R R S S S S S
morganii cloaca
Salmonella spp. Pharynx S S S S S S S
Enterococcus Venom, skin S S
faecalis
Pseudomonas Cloaca S S S I S S S S
aeruginosa

AC = amoxicillin-clavunate; A = ampicillin; PT = piperacillin-tazobactam; 2, 3, 4 = second-, third- and fourth-generation cephalosporins; IM = imipenem; M = meropenem; AK = amikacin;
G = gentamicin; CF = ciprofloxacin; ST = sulfamethoxazole-trimethoprim; R = resistant; S = sensitive; I = intermediate sensitivity.
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The patient remained critical and unstable. On the 4th day after the
bite, the necrotic demarcation had progressed to the nipple line.
Four days and 12 hours after the bite, the patient went into asystole
and could not be resuscitated. A final diagnosis of N. n. nigricincta
snakebite complicated by Gram-negative P. vulgaris necrotising
fasciitis terminating in septicaemic shock was made.

At the time of the patient’s death, the snake was still in captivity,
awaiting relocation. In view of the P vulgaris cultured from the
patient’s wounds and the resulting clinical features, it was decided to
take swabs for MC&S from the snake’s mouth, pharynx, venom, skin
and cloaca.

A P. vulgaris with the same antibiotic sensitivity and resistance
was cultured from the snake’s mouth, nasopharynx and cloaca.
Other organisms cultured from the snake were Morganella morganii,
Salmonella spp., Enterococcus faecalis and Pseudomonas aeruginosa
(Table 4).

Necrotising fasciitis is a fulminant and progressive bacterial infection.
It spreads rapidly through fascial planes, causing extensive tissue
destruction, and has an aggressive clinical course with a high risk
of multiple-organ failure and a significant mortality rate.®) Children
suffering from necrotising fasciitis have an overall mortality of 15.4%."

Musculoskeletal tissue damage evokes an immunothrombotic
survival acute-phase response. Continued tissue destruction as seen
in necrotising fasciitis elicits dysregulation of this response, leading
to sepsis-induced coagulopathy (SIC) and SIRS. Both SIC and SIRS
may be complicated by critical illness corticosteroid insufficiency,
deep-vein thrombosis, microangiopathy and subsequent multiple-
organ failure.!112!

The diagnosis of necrotising fasciitis is mainly clinical.®!1!
Clinical indicators are fever, crescendo pain, rapidly progressive
erythema, swelling and skin ischaemia with blisters, bullae and
necrosis.!"!! Surgical exploration with tissue biopsy remains the gold
standard. The presence of foul-smelling ‘dishwater’ liquefaction fluid
and loosely adherent fascia are diagnostic./®!"1*!

Owing to the thrombogenic nature of necrotising fasciitis,
antibiotics are unable to penetrate the necrotic infected tissue. Early
diagnosis is essential, as mortality is directly proportional to time
to intervention. Treatment consists of aggressive haemodynamic
resuscitation and prompt and adequate surgical debridement,
followed by appropriate antibiotics. Removing necrotic, toxic,
infected and infarcted tissue with surgical debridement improves
subsequent antibiotic penetration. Serial surgical debridements are
almost always needed."*!113!

One of the most important complications of snakebite with local
envenoming is soft-tissue infection."*'! Venom causing cytotoxic
injuries with extensive tissue destruction and devitalisation predisposes
the wound to bacterial infection from the snake’s indigenous oral flora
introduced through the fangs. Dermonecrosis resulting from venom
injury can therefore easily expand, and degrades into a necrotising soft-
tissue infection, i.e. necrotising fasciitis.!"2"

Necrotising fasciitis following snakebite has been reported from
India,?"??) Nigeria,” French Guiana, Taiwan,? Zambia®' and
Vietnam, and seems to be more common following bites by
Naja atra as reported from Taiwan and China. Serratia marcescens,
Aeromonas hydrophile, Aeromonas sobria, M. morganii, Enterococcus
spp. and Bacteroides fragilis have all been implicated as causative
Organisms'[]4,21,22,24,26]

A recent study from China suggests that, as for necrotising
fasciitis, early radical surgical debridement (venom decontamination
and removing of devitalised tissue) and empirical broad-spectrum

antibiotics (combating invading bacteria) should be considered as
treatment of severe cytotoxic cobra envenomation in order to restrict
local tissue damage."!

Prior to managing this case, we did not recognise or fully
appreciate the degree to which an underlying necrotising fasciitis
or a severe inflammatory response complicates and plays a role in
the clinical presentation of victims of N. n. nigricincta snakebites,
and probably misinterpreted it as direct effects of envenomation.
Such obvious clinical features of a full-blown, fulminant necrotising
fasciitis as seen in this specific case are not the norm. The raised CK
levels, high INRs and haemolysis previously identified by us may all
be features of a severe inflammatory response and not an indication
of systemic venom manifestations, as we thought. Both venom-
induced tissue destruction (damage-associated molecular pattern)
and a bacterial infection (pathogen-associated molecular pattern)
may result in a systemic inflammatory response.’?”!

Emergency debridement, appropriate parenteral antibiotics and
specific antivenom are joint priorities in the treatment of necrotising
fasciitis following snake envenomation.

Literature studies on secondary wound infections, our own clinical
experience and data from a recent unpublished Namibian study
culturing bacteria from the oral cavity of N. n. nigricincta are the
current basis for antibiotic selection.['%2")

The obvious need for specific antivenom needs to be readdressed.
We live in Africa. We have limited resources. Both the South African
Vaccine Producers/SAIMR (using N. mossambica venom) and Echi-
Tab-ICP-plus (using N. nigricollis venom) polyvalent antivenoms
are available in southern Africa and are purported to possess cross-
neutralisation effectivity against N. n. nigricincta envenomation.
Studies evaluating the neutralisation and potency of both these
antivenoms are currently being conducted. If potent enough, we
can reintroduce one of these antivenoms into our protocol. If not,
developing a monospecific antivenom might be the only suitable
alternative.

The non-recognition or delayed treatment of necrotising fasciitis may
in part be the cause of the high morbidity and mortality observed in
children bitten by N. n. nigricincta.

When dealing with African spitting cobra bites, and specifically
N. n. nigricincta bites, the clinician needs to be aware of and have a
high index of suspicion for the development of infective necrotising
fasciitis. The fatal course of the case reported underlines the aggressive
clinical course of necrotising fasciitis. Early recognition combined
with prompt and aggressive intervention are essential for survival.
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