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Background: A polymicrobial infection containing a diverse range of drug-resistant bacteria worsens the success of treatment for 
crocodile bite wound infection. However, there is a dearth of data in Ethiopia, where crocodile bite injuries are relatively common, 
particularly in the area around Lake Abaya and Lake Chamo in southern Ethiopia.
Methods:  A hospital-based cross-sectional study was conducted from May 1st, 2021, to April 30th, 2022, at Arba Minch General 
Hospital. Eleven consenting patients with crocodile bite wounds were enrolled in this study. Wound swabs were collected aseptically 
following microbiological procedures. The diversity and type of aerobic bacterial pathogens, and drug-resistant patterns were used to 
determine and characterize the nature of crocodile bite wound infections.
Results: Among 11 patients with crocodile bite wounds, 72.7% (8/11) of wound samples were found to be culture-positive, with 
a total of 21 aerobic bacterial isolates. Gram-negative bacterial isolates were found in 57.1% (12/21). Triple-bacterial isolates were 
found in 62.5% (5/8) of wound samples, followed by 37.5% (3/8) of double bacterial isolates. Pseudomonas aeruginosa (n = 5), 
followed by Citrobacter spp. (n = 4), and coagulase-negative Staphylococci (CoNS) (n = 4) were frequently isolated bacteria. 
Methicillin resistance (MR-CoNS) was found in 75% of isolated CoNS. 6.7% of the isolated Enterococcus faecalis was vancomycin- 
resistant (VRE), while 60% of the isolated P. aeruginosa were piperacillin-resistant. Overall, 85.7% (18/21) of the isolates were found 
to be multidrug-resistant (MDR), with 55.6% (10/18) of them being Gram-negative MDR bacterial isolates.
Conclusion: Numerous aerobic bacteria that are resistant to the majority of common antibiotics have been associated with infections 
in crocodile bite wounds. Thus, the key to providing empirical therapy for such wounds is detecting the drug-resistant pattern of 
bacterial isolates.
Keywords: aerobic bacteria, crocodile bite, wound infection, Arba Minch, Ethiopia

Introduction
Crocodiles are the largest true carnivore reptiles in the world, and they have a fascinating nature and exert the most 
powerful bite of any creature.1,2 Depending on their body size and jaw length, their bite force has been confirmed at 3700 
pounds per square inch.3,4 Attacks by crocodilians cause reflexive fear in humans; however, the event is uncommon.2 

People who are swimming, irrigating, or fishing close to the water are at risk of being bitten by a crocodile.1,5–7

Crocodile bite injuries are becoming more frequent across the African continent. African Nile crocodile attacks range 
from 65 to 91% due to their widespread geographic distribution in Africa and the reliance of adjacent communities on the 
same water source.8,9 About 70% of those who have been bitten by a crocodile subsequently require an amputation due to 
the disfigurement and long-lasting impairment.8–10 These patients also often need reconstructive surgery.10–12 Failure to 
adequately clean bite wounds, along with delayed medical care, often leads to infection.13–16 The severe soft tissue 
infection associated with the unusual normal oral flora of the crocodile creates a challenging problem in the treatment of 
crocodile bite wounds.9,13 Despite the fact that the microbiology of infected crocodile bite wounds originates from 
crocodile mouths, the oral flora of crocodiles might be affected by the flora of other animals they eat or by the quality of 
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the water in which they live. Furthermore, the bacteria could be on the patients’ skin when the skin’s natural barrier 
breaks.2,9,10,14

Crocodile bite wounds typically have a polymicrobial infection containing a diverse range of aerobic and anaerobic 
microbes; however, the type of bacterial isolates varied depending on the nature of the wound.9,14 The victim’s tissues 
will also deteriorate if the infection is not treated, and an amputation may be required.8,9 Additionally, infections have the 
capacity to propagate via the circulatory system throughout the body, resulting in the failure of multiple organs and 
ultimately fatality.6,9–16

Moreover, the crocodile-sourced bacteria that infect wounds are reported to be multi-drug resistant (MDR).9,17,18 This 
may be due to the significant increase in bacteria that are resistant to antibiotics as a result of the widespread use of 
antibiotics in aquatic environments.19–21 Furthermore, in developing countries like Ethiopia, the discharge of hospital 
septic system wastes carrying both antibiotics and antibiotic-resistant bacteria to aquatic environments has the potential 
of contaminating the aquatic ecosystem with antibiotic-resistant microorganisms.19,21 Though crocodile bites are frequent 
among persons who labor near Lake Abaya and Lake Chamo, Arba Minch, southern Ethiopia, there is a dearth of such 
data in Ethiopia generally and in the research region in particular. Hence, the present study aimed to assess drug-resistant 
bacterial pathogens in patients with crocodile bite wounds attending Arba Minch General Hospital in Southern Ethiopia.

Materials and Methods
Study Design, Period, Setting, Population, and Sample Collection Procedures
A hospital-based cross-sectional study design was conducted at the Arba Minch General Hospital orthopedic ward from 
May 1st, 2021 through April 30th, 2022. All out patients with crocodile bite wounds attending the orthopedic ward of the 
hospital during the study period were included consecutively. The fracture wound grading system developed by Gustilo 
and Anderson was used to categorize the types of wounds.22 Wound swab samples were aseptically obtained from the 
wounds of willing patients for microbiological examination. Rotating a sterile cotton-tipped applicator deeply into the 
wounds with adequate pressure to discharge fluid from the wound tissue and to prevent contamination on the surface of 
the wounds was how the wound swab samples were collected. To improve the likelihood of finding bacterial infections 
and obtain enough samples, multiple (two to three) wound swabs were obtained with the same technique from each site 
at one point in time. The samples were then processed an hour after collection in a sterile test tube with 1–2 mL of 
nutritional broth or Amies transport medium (Oxoid Ltd., UK).23

Isolation and Identification of Bacterial Isolates
Standard microbiological procedures were used to inoculate samples onto 5% sheep Blood Agar Medium (HiMedia Pvt. 
Ltd.), Chocolate Agar (HiMedia Pvt. Ltd.), Mannitol Salt Agar (HiMedia Pvt. Ltd.), MacConkey Agar (HiMedia Pvt. Ltd.), 
and Bile Esculin Agar (HiMedia Laboratory Pvt. Ltd., Mumbai, India). The plates were aerobically incubated at 37°C for 
24–72 hours, with the inoculated chocolate agar incubated in a candle jar for 72 hours at 35–37°C to provide a 5–10% CO2 

concentration. Following a gram stain on each positive culture medium, morphologically identical 3–5 pure colonies of 
bacteria from overnight incubated agar media were suspended in nutrient broth using sterile wire loop with reference to 0.5 
McFarland standards and incubated for up to 4 hours at 37 °C for further processing. Biochemical tests (HiMedia 
Laboratory Pvt. Ltd., Mumbai, India) like the indole test, methyl red/Voges Proskauer test, coagulase test, oxidase test, 
triple sugar iron, motility, citrate utilization, urease, gas production, and hydrogen sulfide production were done for Gram- 
negative bacteria species identification, while catalase and coagulase tests were used for Gram-positive bacteria species 
identification.23,24

Antibiotic Susceptibility Testing
Antibiotic susceptibility patterns of bacterial isolates were done on Mueller Hinton Agar (HiMedia Pvt. Ltd.) by the Kirby- 
Bauer disk diffusion method 25 using the following antibiotics (Oxoid Ltd., Basingstoke, Hampshire, UK):26 For Gram- 
positive bacteria; penicillin (10 μg), cefoxitin (30 μg), gentamicin (10 μg), erythromycin (15 μg), tetracycline (30 μg), 
doxycycline (30 μg), clindamycin (10 μg), cotrimoxazole (25 μg), vancomycin (30 μg), and chloramphenicol (30 μg) were 
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used, while ampicillin (10 μg), piperacillin (100 μg), amoxycillin-clavulanic acid (30 µg, BD), cefepime (30 μg), cefoxitin 
(30 μg), ceftriaxone (5 μg), cefuroxime (5 μg), ceftazidime (30 μg), gentamicin (10 μg), meropenem (10 μg), tetracycline 
(30 μg), doxycycline (30 μg), ciprofloxacin (5 μg), and chloramphenicol (30 μg) antibiotics were used for Gram-negative 
isolates. Then, after overnight incubation at 37°C, the diameter of the zone of inhibition was measured by millimetres and 
interpreted as sensitive, intermediate, or resistant according to the CLSI 2020 guidelines.26 Multidrug-resistant (MDR) is 
defined as isolates that resist at least one antimicrobial drug in three or more antimicrobial categories.

Data Quality Management
Data quality was assured by strictly following standard operating procedures (SOPs), training sample collectors as needed, 
and closely observing their development. The sterility of the culture media was verified by overnight storage of 5% of the 
prepared culture media at 35–37 °C. The medium batches that showed positive growth were discarded. To evaluate the 
effectiveness of the produced media and antibiotic discs, Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 
25923, and Enterococcus faecalis ATCC 29212 were utilized.23,26

Data Analysis
The Statistical Package for Social Sciences (SPSS) Version 22 was used to calculate descriptive statistics such as 
frequency, mean, and percentage.

Ethical Considerations
Ethical clearance was obtained from the Institutional Review Board of Arba Minch University, College of Medicine 
and Health Sciences (Ref. No. IRB/1021/22). In addition, a formal authorization letter from the hospital was 
received. Each study subject gave their written informed consent before to the interview in accordance with the 
Helsinki Declaration. Orthopedic doctors received notice of significant test findings together with the patient’s card 
number.

Results
Bacterial Profile of Crocodile Bite Wounds
Of the 11 patients with crocodile bite wounds recruited in this study, the bacteriological analysis showed that 72.7% (8/11) 
of wound samples were found to be culture-positive, with a total of 21 total aerobic bacterial isolates grouped under eight 
distinct genera. Gram-negative and Gram-positive bacterial isolates constituted 57.1% (12/21) and 42.9% (9/21) of the 
total. Pseudomonas aeruginosa, Citrobacter spp., coagulase-negative Staphylococci (CoNS), and Enterococcus faecalis 
were the four most predominant isolates (Figure 1).

There were no wound infections caused by a single aerobic bacterial isolate; rather, 62.5% (5/8) of wound infections 
were caused by triple bacterial isolates, followed by 37.5% (3/8) of double bacterial isolates. 37.5% (3/8) of the 
polymicrobial infections were caused by P. aeruginosa, Citrobacter spp., and CoNS (Table 1).

Antimicrobial Resistance Patterns of Bacterial Isolates
About 83.3% of Gram-negative bacterial isolates were resistant to ciprofloxacin, whereas 50% of isolated Gram-negative 
bacterial isolates were found to be resistant to ampicillin, tetracycline, and doxycycline. Furthermore, the most common 
isolates of P. aeruginosa demonstrated 80% resistance to ceftazidime and ciprofloxacin, as well as 60% resistance to 
piperacillin (Table 2).

Gram-positive bacterial isolates were found to be 88.9% resistant to penicillin and tetracycline, while 77.8% of isolates 
were resistant to doxycycline and chloramphenicol. About 75% of isolated CoNS were methicillin-resistant (MR-CoNS), 
while one isolate of S. aureus was methicillin-resistant (MRSA). Similarly, two-thirds of isolated E. faecalis were found to 
be resistant to vancomycin (VRE) (Table 3).
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Multidrug-Resistant Patterns of Bacterial Isolates
Among the overall bacterial isolates, 85.7% (18/21) were multidrug-resistant (MDR). 83.3% (10/12) and 88.9% (8/9) of 
isolated Gram-negative and Gram-positive bacteria were found to be MDR, respectively. One hundred percent of isolated 
E. faecalis and S. aureus were MDR, while 80% of isolated P. aeruginosa and 75% of Citrobacter spp. and CoNS were 
found to be MDR (Table 4).

Discussion
The prevalence of aerobic bacterial isolates from crocodile bite wounds overall in this study was 72.7% (95% CI: 45.5–90.9). 
The diversity of aerobic bacterial isolates (P. aeruginosa, Citrobacter spp., Enterobacter spp., E. coli, Proteus spp., and CoNS, 
E. faecalis, and S. aureus) observed in the present study was in consistent with the previous studies conducted in Malawi,9 

California,14 Australia,15 and Tanzania.10 The majority of Gram-negative bacilli were isolated; this may indicate that the 
source of the infection is crocodile oral flora, which may originate from the intestinal flora of the other species that crocodiles 
consume, or it may indicate that faecal contamination of the wound is the result of poor personal hygiene.9,14 
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Figure 1 Frequency of Bacterial Isolates in Patients with Crocodile Bite Wounds at Arba Minch General Hospital, Southern Ethiopia.

Table 1 Profile of Bacterial Infections (n = 8) in Patients with 
Crocodile Bite Wounds at Arba Minch General Hospital, Southern 
Ethiopia

Bacterial Infection Profile Frequency (%)

Double Bacterial Infection (n = 3) 3 (37.5)
S. aureus, and Enterobacter spp. 1 (12.5)

P. aeruginosa, and S. aureus 1 (12.5)

E. coli, and E. faecalis 1 (12.5)
Triple Bacterial Infection (n = 5) 5 (62.5)
P. aeruginosa, Citrobacter spp., and CoNS 3 (37.5)

P. aeruginosa, Citrobacter spp., and E. faecalis 1 (12.5)
Proteus spp., CoNS, and E. faecalis 1 (12.5)

Abbreviations: CoNS, Coagulase-negative Staphylococci; spp, species.
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In this study, a wound infection caused by a single aerobic bacterial isolate was not identified. Rather, polymicrobial 
infections were observed with 62.5% of triple bacterial isolates and 37.5% of double bacterial isolates, of which 37.5% of 
the polymicrobial infections were caused by P. aeruginosa, Citrobacter spp., and CoNS, which is in line with the finding 
of previous studies.9,10,14,15 The combination of recipient skin flora, ambient organisms, and animal oral flora may be the 
cause of the wound’s polymicrobial character.9,14,16

In this study, ciprofloxacin resistance was found in 83.3% of isolated Gram-negative bacterial isolates. The predominant 
isolate, P. aeruginosa, showed more than 60% resistance to the tested antibiotics. Specifically, P. aeruginosa isolates showed high 
resistance to ceftazidime (80%), ciprofloxacin (80%), and piperacillin (60%), whereas the second predominant Citrobacter spp. 

Table 2 Antimicrobial-Resistant Pattern of Gram-Negative Bacterial Isolates from Patients with Crocodile Bite Wounds at Arba 
Minch General Hospital, Southern Ethiopia

Antibiotics Pattern P. aeruginosa  

(n = 5)
Citrobacter 

spp.  
(n = 4)

Entrobacter 

spp. (n = 1)
Proteus spp.  
(n = 1)

E. coli  

(n = 1)
Total  
(n = 12)

No (%) No (%) No (%) No (%) No (%) No (%)

AMP R NA 3 (75) 1 (100) 1 (100) 1 (100) 6 (50)

PIP R 3 (60) NA NA NA NA 3 (25)

AUG R NA 2 (50) 0 (0) 0 (0) 0 (0) 2 (16.7)

CFP R 3 (60) 2 (50) 0 (0) 0 (0) 0 (0) 5 (41.7)

CXT R NA 2 (50) 1 (100) 0 (0) 1 (100) 4 (33.3)

CTR R NA 2 (50) 1 (100) 0 (0) 1 (100) 4 (33.3)

CRX R NA 3 (75) 1 (100) 1 (100) 0 (0) 5 (41.7)

CFZ R 4 (80) NA NA NA NA 4 (33.3)

GEN R 3 (60) 1 (25) 0 (0) 0 (0) 0 (0) 4 (33.3)

MER R 3 (60) 1 (25) 0 (0) 0 (0) 0 (0) 4 (33.3)

TET R NA 3 (75) 1 (100) 1 (100) 1 (100) 6 (50)

DOX R NA 3 (75) 1 (100) 1 (100) 1 (100) 6 (50)

CPR R 4 (80) 3 (75) 1 (100) 1 (100) 1 (100) 10 (83.3)

CHL R NA 2 (50) 1 (100) 0 (0) 1 (100) 4 (33.3)

Abbreviations: R, Resistant; AM, Ampicillin; PIP, Piperacillin; AUG, Augmentin; CFP, Cefepime; CXT, Cefoxitin; CTR, Ceftriaxone; CRX, Cefuroxime; CFZ, Ceftazidime; GEN, 
Gentamicin; MER, Meropenem; TET, Tetracycline; DOX, Doxycycline; CPR, Ciprofloxacin; CHL, Chloramphenicol; NA, Not Applicable as per CLSI 2020 guideline; spp, Species.

Table 3 Antimicrobial-Resistant Pattern of Gram-Positive Bacterial Isolates from Patients with 
Crocodile Bite Wounds at Arba Minch General Hospital, Southern Ethiopia

Antibiotics Pattern CoNS (n = 4) E. faecalis (n = 3) S. aureus (n = 2) Total (n = 9)

No (%) No (%) No (%) No (%)

PEN R 3 (75) 3 (100) 2 (100) 8 (88.9)

CXT R 3 (75) NA 1 (50) 4 (44.4)

GEN R 2 (50) NA 1 (50) 3 (33.3)
ERY R 3 (75) 2 (66.7) 1 (50) 6 (66.7)

TET R 3 (75) 3 (100) 2 (100) 8 (88.9)

DOX R 3 (75) 2 (66.7) 2 (100) 7 (77.8)
CLD R 3 (75) NA 1 (50) 4 (44.4)

COT R 3 (75) NA 1 (50) 4 (44.4)

VAN R NA 2 (66.7) NA 2 (22.2)
CHL R 3 (75) 3 (100) 1 (50) 7 (77.8)

Abbreviations: R, Resistant; PEN, Penicillin; CXT, Cefoxitin; GEN, Gentamicin; ERY, Erythromycin; TET, Tetracycline; DOX, 
Doxycycline; CLD, Clindamycin; COT, Cotrimoxazole; VAN, Vancomycin; CHL, Chloramphenicol; NA, Not Applicable based 
on CLSI 2020 guideline recommendation; CoNS, Coagulase Negative Staphylococci; spp, Species.
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isolates showed 75% resistance to ampicillin, cefuroxime, tetracycline, doxycycline, and ciprofloxacin. Likewise, more than 
66.7% of isolated Gram-positive bacteria were found to be resistant to penicillin, tetracycline, doxycycline, chloramphenicol, and 
erythromycin. Moreover, penicillin and tetracycline resistance was identified in 88.9% of isolated Gram-positive bacteria. More 
than 50% of isolated CoNS and S. aureus and 66.7% of isolated E. faecalis were found to be resistant to all the antibiotics tested. 
Furthermore, 75% and 50% of isolated CoNS and S. aureus were methicillin-resistant, whereas vancomycin resistance was 
found in 66.7% of isolated E. faecalis (VRE). The reason for the variations in drug resistance patterns across bacterial isolates 
may be related to the source and drug-resistant ability of the isolates, or it may be related to their previous drug exposure.

The overall multidrug-resistant levels of bacterial isolates in this study were 85.7% (18/21), where Gram-negative and 
Gram-positive bacteria accounted for 55.6% and 44.4% of MDR, respectively. The predominate isolates P. aeruginosa 
(80%), Citrobacter spp. (75%), CoNS (75%) and E. faecalis (100%) were found to be MDR, which is in agreement with 
previous studies.9,14 This high prevalence of MDR bacteria could be due to the widespread use of antibiotics in aquatic 
environments or the extensive hospital septic system waste discharge, which introduces both antibiotic- and antibiotic- 
resistant bacteria to aquatic habitats.27,28

Limitation of the Study
The limitations of the present study include the cross-sectional study design with a small sample size in a hospital-based 
study, and it is difficult to determine where the isolated bacteria came from because the study only used a patient wound 
sample and conventional culture techniques. Studies on strictly anaerobic bacteria and fungi are completely confined due 
to funding and laboratory setup restrictions and no experiments to calculate the antimicrobial MIC were carried out. 
Additionally, this study did not take the patients’ prognoses into account.

Conclusion
In this study, significant numbers of aerobic polybacterial isolates were identified in crocodile bite wounds, and the most 
frequent isolated bacteria were P. aeruginosa, Citrobacter spp., and CoNS. Antibiotics that are often provided to patients 
have greater rates of resistance in the majority of bacterial isolates. The overall MDR among isolates was 85.7%, particularly 
with 75% of MR-CoNS, 50% of MRSA, 66.7% of VRE, and 60% of piperacillin resistance in P. aeruginosa. Therefore, the 
results of culture and sensitivity testing should be used to guide the treatment of crocodile bite wounds, and precautions 
should be taken to limit the emergence and spread of MDR bacteria, especially in aquatic settings. Finally, more thorough 
research about the molecular characterization and origin of bacterial isolates, including fungal agents, is necessary.

Table 4 Multidrug Resistance Pattern of Bacterial Isolates from Patients with 
Crocodile Bite Wounds at Arba Minch General Hospital, Southern Ethiopia

Bacterial Isolates Antibiogram Pattern (%)

R3 R4 R5 ≥ R6 Total

P. aeruginosa (n = 5) 1 (20) 2 (40) 1 (20) 0 (0) 4 (80)
Citrobacter spp. (n = 4) 1 (25) 0 (0) 2 (50) 0 (0) 3 (75)

E. coli (n = 1) 0 (0) 0 (0) 1 (100) 0 (0) 1 (100)

Entrobacter spp. (n = 1) 0 (0) 1 (50) 0 (0) 1 (100) 1 (100)
Proteus spp. (n = 1) 1 (100) 0 (0) 0 (0) 0 (0) 1 (100)

CoNS (n = 4) 0 (0) 2 (50) 1 (25) 0(0) 3 (75)

E. faecalis (n = 3) 0 (0) 1 (33.3) 2 (66.7) 0 (0) 3 (100)
S. aureus (n = 2) 1 (50) 1 (100) 0 (0) 0 (0) 2 (100)

Total MDR isolates (n = 21) 4 (19) 7 (33.3) 7 (33.3) 1 (4.8) 18 (85.7)

Note: R3, R4, R5, and R6: Resistant to at least one antibiotic from; three classes, four classes, five classes, 
and six and more classes of antibiotics, respectively. 
Abbreviations: CoNS, coagulase negative Staphylococci; spp, species; MDR, Multidrug Resistant.
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