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African spitting cobras, such as Naja nigricollis, Naja mossambica and 

Naja nigricincta nigricincta, most often bite at night while the victims 

are asleep. Spitting cobra bites frequently result in local necrosis 

and secondary infection, often culminating in disfigurement, loss of 

function and amputation.[1-6] Small children and babies are often bitten. 

Children are particularly vulnerable to snake envenomation, and suffer 

a high morbidity and mortality from these severely cytotoxic bites.

Naja nigricincta nigricincta (Western barred spitting cobra/zebra 

snake) (Fig.  1) is endemic to central and northern Namibia and 

southern Angola, and accounts for most of the venomous bites 

encountered in these areas of Namibia.[1,2,7,8]

This cytotoxic venom typically results in a severe dermonecrosis. 

This resembles a type of venom-induced necrotising fasciitis, with 

fast-spreading necrosis in the fascial planes between skin and deeper-

lying muscles.[1,2] 

Prophylactic antibiotics are not recommended following 

snakebite in southern Africa.[9] In Namibia, antibiotics are 

routinely part of the treatment of all cytotoxic bites (Namibian 

Medical Snakebite Management guidelines – Drs PJC Buys and 

EL Saaiman, unpublished). An increasing number of studies 

suggest that soft-tissue infection is one of the most substantial 

complications of cytotoxic snakebites, and that pre-emptive 

antibiotics should be considered in patients with severe local 

envenomation.[4,10-15] 

The extensive tissue destruction and devitalisation, caused by local 

cytotoxic envenomation, predispose the wound to bacterial infection. 

Inoculation of bacteria originating from the snake’s indigenous oral 

flora, the environment or the victim’s surrounding skin can occur 

during a bite. Venom-induced dermonecrosis may thus expand and 

exacerbate into an accompanying soft-tissue infection, and even 

progress to infective necrotising fasciitis.[6,16-19] 

Comprehensive identification of the microbiology of bite wounds 

and oral flora of culprit snakes is pertinent in selecting suitable 

empirical and prophylactic antibiotics, preventing secondary 

infection and reducing morbidity.[15,19-21]

No data exist on Naja nigricincta nigricincta’s oral microbiome. 

Very few case reports of Naja nigricincta nigricincta snakebites have 

been recorded. Microscopy, culture and sensitivity (MC&S) results on 

10 Naja nigricincta nigricincta bite wound swabs (2012 - 2020) were 

recovered from case files and analysed. The swabs were all taken at 

different times post bite. There were no data regarding the swabbing 

procedures, the specific wound areas swabbed or the indications for 

taking the wound swabs. Enterococcus faecalis, Morganella morganii 

and Proteus spp. were cultured most often. Other Gram-negative 

bacteria cultured included Klebsiella pneumoniae, Escherichia coli, 

Salmonella enterica, Serratia marcescens, Schewanella algae and 
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Fig.  1. Naja nigricincta nigricincta (Western barred spitting cobra/zebra 

snake).
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Chryseobacterium indologenes. The Gram-negative organisms 

were sensitive to third- and fourth-generation cephalosporins, 

ciprofloxacin, gentamicin and piperacillin-tazobactam (Table 1). 

Two other regional publications originating from KwaZulu-Natal 

(KZN), South Africa, examining the microbiology from infected 

cytotoxic snakebite wounds.[15,22] Blaylock[22] studied wound swabs 

taken from 14 cytotoxic snakebite victims, with associated necrosis, 

abscesses and haematomas. The snakes were mostly unidentified. In 

this study, Morganella morganii, Proteus spp., Citrobacter and Serratia 

spp. were cultured most often. No antibiotic profiles on the organisms 

were done (Table 2).

Wagener et al.[4] analysed the microbiology results of 42 snakebite 

patients who required surgical debridement for extensive skin 

and soft-tissue necrosis after snakebite. The snakes responsible 

were not identified. Snakes most likely responsible for cytotoxic 

bites in this area of KZN are Naja mossambica (Mozambique 

spitting cobra), Bitis arietans (puff adder) and Hemachatus 

haemachatus (rinkhals).[8] At the time of debridement, tissue 

samples of necrotic or infected tissue were sent for bacteriological 

analysis. Morganella morganii, Enterococcus faecalis and Proteus 

spp. were most often encountered. Other organisms cultured 

were Salmonella enterica, Enterobacter cloacae, Escherichia 

coli, Klebsiella pneumoniae and Citrobacter freundii (Table  2). 

The Gram-negative Enterobacteriaceae showed a resistance to 

penicillins and first- and second-generation cephalosporins, but 

were sensitive to third-generation cephalosporins, ciprofloxacin 

and aminoglycosides.[4]

Both the above KZN study (Wagener et al.) and the Naja nigricincta 

nigricincta bite wound swab results are very similar to Taiwanese and 

Chinese publications on wound infections secondary to snakebite, 

where Morganella morganii and Enterococcus spp. were the most 

common pathogens found. All these Gram-negative organisms 

displayed a similar resistance to penicillins and first and second-

generation cephalosporins (Table 2).[4,14,17,23]

According to above bite wound microbiology, piperacillin-

tazobactam, a quinolone, or second- or third-generation cephalosporin 

are proposed as empirical therapy following snakebite.[4,14,17,23] 

The possibility that primary infections are caused by the inoculation 

of the snake’s oral flora during a bite is illustrated by a recent case 

report. A 2-and-a-half-year-old boy presented with an infective 

(Proteus vulgaris) necrotising fasciitis following Naja nigricincta 

nigricincta bite with rapid deterioration into multi-organ failure and 

death. A Proteus vulgaris with the same antibiotic profile was cultured 

from the mouth of the culprit snake (Table 3).[6] 

This case underscored the lack of current data on Naja nigricincta 

nigricincta’s oral biome, the limited data on post-Naja nigricincta 

nigricincta bite wound microbiology and the inadequacy of the post-

snakebite antibiotic protocol then in place. 

Study
This was a cross-sectional study. The aim was to characterise 

the patterns of oral bacterial flora in Naja nigricincta nigricincta, 

to determine the antibiotic sensitivity and resistance of above 

pathogens and to develop rational guidelines for antimicrobial 

prophylaxis after Naja nigricincta nigricincta snakebite injury in 

Namibia. 

The study was conducted between 18 November 2020 and 15 April 

2021. A total of 37 zebra snakes (Naja nigricincta nigricincta) that 

were caught for removal and relocation were used in the study. All 

snakes came from the Khomas region of Namibia, with the GPS 

location of where the snake was caught recorded in accordance with 

the Ministry of Environment, Forestry and Tourism’s Human-Snake-

Conflict-Mitigation programme (Fig. 2). The snakes were identified 

and measured, and the gender established, and milked by a local 

expert. Both an oropharyngeal and venom swab were taken from 

each snake using aseptic techniques by a medical professional. The 

swabs were sent for MC&S using conventional culture methods. 

All the snakes were relocated into the wild.

Permit
In line with regulations imposed by the Namibian Ministry of 

Environment, Forestry and Tourism regarding handling of animals for 

scientific purposes, the study protocol was submitted for study permission 

from the National Commission on Research Science and Technology 

Table 1. Organisms cultured from wound swabs of 10 patients bitten by Naja nigricincta nigricincta and antibiotic sensitivities

Patient

number

Days 

post 

bite Organism

Penicillin

Cephalo-

sporin

Carba-

penem

Amino-

glycoside Other

A AC PT 3 4 M AK G CF ST

4 1 Proteus vulgaris (G–) R S S

13 2 Morganella morganii (G–) S S S

Enterococcus faecalis (G+) S

15 2 Morganella morganii (G–) S S S S S

Enterococcus faecalis (G+) S S

11 4 Chryseobacterium indol (G–) S S S

Enterococcus faecalis (G+) S

5 6 Serratia marcescens (G–) R S S S

16 7 Morganella morganii (G–) S S S

Enterococcus faecalis (G+) S

7 10 Morganella morganii (G–) S S S S S S

Enterococcus faecalis (G+) S

8 10 Proteus spp. (G–) S S S

9 14 Klebsiella pneumoniae (G–) S S S

Morganella morganii (G–) S S S

14 11 Schewanella algae (G–) S S S

A = ampicillin; AC = amoxicillin-clavulanate; PT = piperacillin-tazobactam; 3 = third-generation cephalosporin; 4 = fourth-generation cephalosporin; M = meropenem; AK = amikacin;  
G = gentamicin; CF = ciprofloxacin; ST = sulfa-trimethoprim; G– = Gram negative; G+ = Gram positive; R = resistant; S = sensitive. 
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(NCRST) (Section 4 of Research Science and Technology Act, Act No. 23 

of 2004). 

Permit AN20200222 was granted in accordance with Section 45 

of the Nature Conservation Ordinance 4 of 1975 of the Republic of 

Namibia, regarding animals for scientific purposes.

Catching and swabbing
Expert snake handlers caught the snakes. The GPS location of where 

the snake was caught was recorded using the Epicollect app (Fig. 2).

Cloacal probing with a blunt sexting probe[24] to establish gender, as 

well as snout-to-vent measurements using the tube restraint method, 

were done by a local snake expert.[24] 

The snakes were milked using the acknowledged method of 

voluntary injection of the venom into a receptacle through a rubber 

or para-film membrane (Fig. 3).[25] The para-films were cleaned with 

90% ethanol spray. A first milking was followed immediately by a 

second milking through another ethanol-cleaned para-film. This was 

done to achieve a more representative sample of uncontaminated 

venom – rather like a midstream urine sample. A swab was taken 

from the second sample. 

After milking, the snakes’ mouths were opened by a small sterile 

speculum and an oropharyngeal swab taken (Fig. 4). All swabs were 

taken by a medical professional and were kept refrigerated before 

being sent to NAMPath laboratory.

Bacterial identification and antibiotic 
susceptibility
A Gram smear was made aseptically onto a slide, prior to 

inoculation, which was then stained and viewed under 100× 

objective lenses. The swab was inoculated onto 5% blood agar, 

McConkey agar and chocolate agar plates. After inoculating the 

plates, the swab was transferred into a tube containing thio-

glycolate enrichment medium. Both the inoculated plates and 

thyoglycolate medium with the swab inside were then incubated 

Table 2. Comparison of the frequency of organisms cultured from the venom and oropharynx of 21 adult Naja nigricincta 
nigricincta compared with wound swabs of 10 patients bitten by Naja nigricincta nigricincta, as well as wound swabs from 42 and 
14 patients with secondary wound infection, post snakebite in KZN, SA[4,22]

Organism

Venom and oropharynx 

(21 snakes), % Wounds (64 patients), %

Adult Naja nigricincta 

nigricincta (Namibia)

Namibia (10 patients), 

Naja nigricincta 

nigricincta bites

KZN (42 patients), 

wound infections post 

bite, 2017

KZN (14 patients), 

wound infections post 

bite, 1999

Enterococcus faecalis (G+) 71.4 50 31 -

Morganella morganii (G–) 19 50 40.5 28.5

Proteus spp. (G–) 71.4 20 23.8 28. 5 

Salmonella enterica (G–) 9.6 10 7.1 7.1

Klebsiella pneumoniae (G–) 4.8 10 2.4 -

Citrobacter freundii (G–) 9.6 - 2.4 21.4

Acinetobacter (G–) 9.6 - - -

Yersinia spp. (G–) 4.8 - - -

Pseudomonas spp. (G–) 19 - - -

Elizabethkingia spp. (G–) 4.8 - - -

Vibrio spp. (G–) 4.8 - - -

Serratia marcescens (G–) - 10 - 21.4

Schewanella algae (G–) - 10 - -

Chryseobacterium iindologenes (G–) - 10 - -

Escherichia coli (G–) - - 2.4 14.2

Enterobacter complex (G–) - - 4.8 7.1

Staphylococcus spp. (G+) - - - 7.1

Streptococcus spp. (G–) - - - 7.1

KZN = KwaZulu-Natal Province; SA = South Africa; G+ = Gram positive; G– = Gram negative.

Table 3. Organisms cultured from the patient’s wound swab and the culprit Naja nigricincta nigricincta, with antibiotic sensitivities

Organism

Location Penicillins

Cephalo-

sporins

Carba-

penems

Amino-

glycosides Other

Patient Snake AC A PT 2 3 4 IM M AK G CF ST

Proteus vulgaris Wound Mouth, pharynx, cloaca R R S R R S R S S S S S

Morganella 

morganii

- Mouth, venom, cloaca R R R R R R R S S S S S

Salmonella spp. - Pharynx S S S S S S S

Enterococcus faecalis - Venom, skin S S S

Pseudomonas 

aeruginosa

- Cloaca S S S I S S S S

AC = amoxicillin-clavulanate; A = ampicillin; PT = piperacillin-tazobactam; 2 = second- generation cephalosporin; 3 = third-generation cephalosporin; 4 = fourth-generation cephalosporin;  
IM = imipenem; M = meropenem; AK = amikacin; G = gentamicin; CF = ciprofloxacin; ST = sulfa-trimethoprim; R = resistant; S = sensitive; I = intermediate sensitivity.
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at 37°C. The 5% blood agar and chocolate agar were incubated 

under CO
2
 conditions. 

Plates were read after 24 hours of incubation, and identification 

was by use of the manual API 10S method for lactose fermenters. For 

non-lactose fermenters and Gram-positive cocci, the automated Vitek 2 

system was utilised. Antibiotic susceptibilities were determined either 

by the manual Kirby-Bauer method or the automated Vitek system 

(minimum inhibitory concentration assay). 

After 24 hours, the swabs that were inoculated into the 

thioglycolate enrichment medium were re-inoculated onto 5% blood 

agar, chocolate agar and McConkey agar and incubated at 37°C. 

After 48 hours of incubation, plates were read for identification and 

antibiotic susceptibility (as described above). Previously inoculated 

plates from the thioglycolate medium were checked for new bacterial 

growth not obtained from the initial culture plates. If new bacteria 

had grown, identification and antibiotic susceptibility were done as 

a follow-up.

Results from the Gram stain, identification and antibiotic 

susceptibility were entered into the laboratory information system, 

and laboratory reports generated.

Results
Sex and length
Twenty-one adult snakes, of which 15 were male (adult length 

≥80 cm),[26] measuring 90 - 165 cm, and 16 juvenile snakes, ranging 

from 28 - 35 cm, were caught. 

Bacteria cultured
Organisms were cultured from all venom and oral samples. No 

anaerobic organisms were cultured. In clinical practice, juvenile Naja 

nigricincta nigricincta snakes are very seldom responsible for bites. 

The results from adult and juvenile snakes were differentiated and 

recorded into separate tables (Tables 4, 5 and 6).

Antibiotic profile
The antibiotic profiles of organisms cultured from adult and juvenile 

Naja nigricincta nigricincta oropharynges and venom are detailed in 

Table 7.

Discussion
Although venom is thought to be sterile with strong antimicrobial 

properties,[22] archaea, algae, bacteria, fungi, protozoa and viruses have 

all been found to be present in certain venom microenvironments. [27,28] 

The anatomy of the envenomation apparatus, i.e. an open duct attached 

to a liquid vessel with intermittent flow, may allow for the colonisation 

and facilitation of bacterial persistence and adaptation within 

antimicrobial venom.[29] All the venom samples yielded organisms, 

and eight of the  adult  venom samples cultured different organisms 

than those from the same snake’s oropharynx, suggesting venom 

colonisation. Further research in this field is needed. 

The aim of this study was to identify oral snake pathogens 

with their specific antibiotic profile that can be inoculated during 

snakebite. Whether these organisms originate from the venom or the 

oropharynx is not of clinical relevance. In analysing the findings of 

the study, the results of each snake’s venom and oropharyngeal swabs 

were thus combined.

No anaerobic organisms were cultured. The most frequent organisms 

cultured from Naja nigricincta nigricincta adult venom and oropharynx 

were Enterococcus faecalis and Proteus spp., both in 71.4% of cases, 

with Morganella spp. and Pseudomonas spp. in 19%. Also cultured 

were Salmonella, Acinetobacter and Citrobacter spp. (Tables 4 and 6). 

Pathogens were present in the oral flora (venom and/or oropharynx) of 

even the smallest snake. Enterococcus faecalis (43.7%) and Proteus spp. 

(87.5%) were most often cultured from the juvenile snakes (Tables  5 

and 6). 

In line with other publications, the similarity of the organisms 

cultured between individual Naja nigricincta nigricincta’s hints at the 

Fig. 3. Milking of snake.

Fig. 2. The red dots represent the capture locations of 22 of the 37 snakes 

milked for this study. All snakes represented here were in direct conflict with 

humans in an urban setting. The map was constructed using QGIS 3.24.1.

Fig. 4. Oropharyngeal swab.
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possibility of a species-specific or host-specific oral microbiome.[30] 

Further studies comparing the oral microbiome of different species 

will clarify this issue. 

Male zebra snakes have a much larger home range with possibly 

more prey diversity than their female counterparts (unpublished 

data, Mr F Theart, 2022). This may account for the larger number of 

adult males caught in this study. These differences could potentially 

influence variations between male and female oral microbacteria. 

The sample size from this study was too small to identify any 

substantial differences between the oral flora of the different sexes. 

Whether the bacteria cultured can benefit the host by playing a role 

in enhancing venom effects or digestion is unclear.[30,31] Enterococcus 

Table 4. Bacteria cultured from adult Naja nigricincta nigricincta venom and oropharynx

Snake 

number, sex Venom bacteria Oropharynx bacteria

1 male Klebsiella pneumoniae, Enterococcus faecalis Citrobacter braakii, Enterococcus faecalis

2 male Morganella morganii Acinetobacter baumannii

3 male Proteus mirabilis Salmonella enterica, Enterococcus faecalis

4 male Proteus mirabilis Yersinia enterocolytica

5 male Proteus vulgaris Proteus vulgaris, Enterococcus faecalis

6 male Proteus mirabilis Proteus penneri

7 male Enterococcus faecalis, Proteus penneri Pseudomonas aeruginosa, Citrobacter freundii

8 male Morganella morganii Morganella morganii, Elizabethkingia meningoseptica, Enterococcus faecalis

9 male Pseudomonas aeroginosa, Enterococcus faecalis No sample 

10 female Enterococcus faecalis, Proteus vulgaris Enterococcus faecalis, Proteus vulgaris

11 female Enterococcus faecalis Enterococcus faecalis, Vibrio alginolyticus

13 female Enterococcus faecalis, Proteus vulgaris Enterococcus faecalis, Acinetobacter baumanii, Pseudomonas aeroginosa

22 female Enterococcus faecalis Proteus mirabilis, Enterococcus faecalis

23 female Proteus mirabilis Proteus vulgaris

24 male Enterococcus faecalis, Proteus vulgaris Enterococcus spp., Proteus mirabilis

25 male Proteus morganii Proteus mirabilis

26 male Enterococcus faecalis, Morganella morganii Enterococcus faecalis, Proteus vulgaris, Salmonella enterica

30 female Enterococcus faecalis, Proteus vulgaris Enterococcus faecalis, Pseudomonas aeroginosa

31 male Enterococcus faecalis Enterococcus faecalis

Morganella morganii

33 male Enterococcus faecalis, Proteus penneri Enterococcus faecalis, Proteus mirabilis

34 male Enterococcus faecalis, Proteus penneri Enterococcus faecalis, Proteus hauseri

Table 5. Bacteria cultured from juvenile Naja nigricincta nigricincta venom and oropharynx

Snake

number Venom bacteria Oropharynx bacteria

14, not sexed Providencia rettgeri Proteus morganii

15, not sexed - Proteus mirabilis

16 female Enterococcus faecalis

Proteus mirabilis

Enterococcus faecalis, Proteus mirabilis

17 female Enterococcus faecalis Enterococcus faecalis, Proteus mirabilis

18 female Streprococcus spp.

Proteus mirabilis

Enterococcus faecalis, Proteus mirabilis

19 female Proteus mirabilis Proteus mirabilis

20 female Proteus mirabilis

21 female Enterococcus faecalis

Proteus mirabilis

Staphylococcus epidermidis, Proteus mirabilis

27 female Providencia spp.

Enterococcus faecalis

Salmonella enterica, Pseudomonas aeroginosa, 

Enterococcus faecalis

28 male Enterococcus faecalis, Sphingomonas paucimobilis, 

Proteus vulgaris

Enterococcus faecalis, Salmonella enterica

29 male Proteus hauseri Proteus hauseri, Kocuria varians

32 male No growth No growth

35 male Proteus penneri, Enterococcus faecalis Salmonella enterica

36, not sexed Proteus hauseri Proteus penneri

37, not sexed Proteus vulgaris Pseudomonas stutzeri

38 female Proteus vulgaris Proteus vulgaris

39 female Salmonella enterica Salmonella enterica
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faecalis and the Gram-negative bacteria cultured in our study have 

all been implicated in necrotising fasciitis.[32] Inoculation of these 

bacteria into an area of extensive venom-induced destruction and 

tissue devitalisation, with a resultant soft-tissue infection, will further 

expand and exacerbate tissue damage, and may even culminate in 

an infective necrotising fasciitis.[16-18] In the ‘weaponised bacteria 

theory’, Auffenberg[33] postulated that bacteria in Komodo dragon 

(Varanus komodoensis) venom are a mechanism for prey debilitation 

and mortality, because of the absence of said bacteria in the reptile’s 

oral microbiome. This raises the question of whether the ‘weaponized 

bacteria theory’ may be true for the Naja nigricincta nigricincta oral 

microbiome.[34]

All the Enterococcus faecalis cultured were sensitive to penicillins, 

all cephalosporins, ciprofloxacin and gentamicin. The Gram-negative 

bacteria from the adult snakes displayed a resistance of 35.8% against 

amoxy-clavulanic acid, 78.5% against cephalothin (first-generation 

cephalosporin) and 60% against cefuroxime (second-generation 

cephalosporin). Sensitivity of 92% was displayed towards ceftriaxone 

(third-generation cephalosporin), 96.3% to piperacillin-tazobactam, 

and 100% sensitivity to ciprofloxacin and gentamicin (Table 7). The 

pathogens cultured from the juvenile snakes showed less overall 

resistance and greater sensitivity towards penicillin and second-

generation cephalosporins than their counterparts from adult snakes 

(Table 7).

Juvenile Naja nigricincta nigricincta snakes are very seldom 

responsible for bites (authors’ own clinical experience). Only the data 

from the adult snake samples were taken into consideration for antibiotic 

selection suggestions. In view of above results, recommended antibiotic 

prophylaxis after Naja nigricincta nigricincta bites is ciprofloxacin 

or a third-generation cephalosporin plus gentamicin or piperacillin-

tazobactam. Since controversy surrounds the use of ciprofloxacin in 

children, a third-generation cephalosporin plus gentamicin may be a 

safer option for the paediatric population.[35] Piperacillin-tazobactam 

should be reserved for severely ill patients. 

Table 6. Bacterial differentiation: A comparison of the frequency of individual bacteria as cultured from the different samples

Organism

Adult Juvenile

Venom Oropharynx

Venom and 

oropharynx Venom

Oro-

pharynx

Venom and 

oropharynx

Samples, n Snakes, n Samples, n Snakes, n

21 20 21 14 16 16

n (%) n (%) n (%) n (%) n (%) n (%)

Enterococcus faecalis (G+) 13 (61.9) 13 (65) 15 (71.4) 5 (35.7) 5 (31.3) 7 (43.8)

Morganella morganii (G–) 3 (14.2) 2 (10) 4 (19)

Proteus species (G–) 13 (61.9) 10 (50) 15 (71.4) 10 (71.4) 12 (75) 14 (87.5)

Pseudomonas spp. (G–) 1 (4.8) 3 (15) 4 (19) 2 (12.5)

Citrobacter freundii (G–) 2 (10) 2 (9.6)

Acinetobacter (G–) 2 (10) 2 (9.6)

Yersinia spp. (G–) 1 (5) 1 (4.8)

Elizabethkingia spp. (G–) 1 (5) 1 (4.8)

Salmonella enterica (G–) 2 (10) 2 (9.6) 1 (7.1) 4 (25) 4 (25)

Klebsiella pneumoniae (G–) 1 (4.8) 1 (4.8)

Vibrio spp. (G–) 1 (5) 1 (4.8)

Providencia spp. (G–) 1 (7.1) 1 (6.3)

Spingomonas spp. (G–) 1 (7.1) 1 (6.3)

Kocuria spp. (G+) 1 (6.3) 1 (6.3)

Staphylococcus epidermidis (G+) 1 (6.3) 1 (6.3)

Streptococcus spp. (G+) 1 (7.1) 1 (6.3)

G+ = Gram positive; G– = Gram negative.

Table 7. Antibiotic profile of organisms cultured from adult and juvenile Naja nigricincta nigricincta oropharynx and venom

Antibiotic

All Gram-negative organisms

cultured

Enterococcus 

faecalis

(A and J)Adult (A) Juvenile (J)

Sensitive,% Resistant, % Sensitive, % Resistant,% Sensitive, %

Ampicillin 21 79 54.5 45.5 100

Amoxy-clavulanate 56.4 35.8 93 7 100

Cephalothin (1st generation) 21.5 78.5 61 39

Cefuroxime (2nd generation) 34.3 60 50 50

Ceftazidime (3rd generation) 89.5 10.5 100

Cefotaxime (3rd generation) 80 20 100

Ceftriaxone (3rd generation) 92 8 95 100

Ciprofloxacin 100 - 100 100

Gentamicin 98 - 100 94.5

Piperacillin-tazobactam 96.3 3.7 100
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Limitations
The snakes that were swabbed were not snakes responsible for bites. 

This study was conducted from mid-November to mid-April. 

Seasonal variations in snake oral flora are unknown, and current 

results may not reflect other time periods. The sample size of 37 

snakes is not large, and all the snakes originated from the Khomas 

region in Namibia. The results may therefore not be representative of 

the oral flora of all Naja nigricincta nigricinctas from all geographical 

areas, or of other spitting cobras. 

Practical issues and financial constrains necessitated conventional 

culture methods, although sequencing techniques would have been 

able to identify more bacterial species. 

Conclusion
Although subject to several limitations, this study has provided an 

initial baseline database on the oral microbiology of Naja nigricincta 

nigricincta with concomitant antibiotic sensitivities and resistance. 

This was an important first step in the quest to identify suitable 

prophylactic and empirical antimicrobial therapy secondary to Naja 

nigricincta nigricincta snakebite. The next step will be to perform 

a comprehensive standardised study on the microbiology of Naja 

nigricincta nigricincta snakebite wounds. 

The antibiotic profile from Naja nigricincta nigricincta’s oral 

microbiome, as cultured in this study, is very similar to the profile 

of the Gram-negative Enterobacteriaceae cultured from both the 

KZN study and the Naja nigricincta nigricincta bite wounds (Tables 

1 and  7).[4] Based on these findings, prophylactic antimicrobial 

therapy after Naja nigricincta nigricincta bites should comprise of 

ciprofloxacin or a third-generation cephalosporin plus gentamicin or 

piperacillin-tazobactam.
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