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Characterization of wound infections among patients 
injured during the 2011 Libyan conflict
A.A. Dau,1 S. Tloba 2 and M.A. Daw 2

ABSTRACT Few studies have analysed the bacterial pathogenesis of infections associated with war-wound in 
the Eastern Mediterranean region. We analysed surgical wound infections of 1200 patients injured during the 
Libyan conflict in 2011 and admitted to the emergency services at Tripoli medical centre. Culture swabs or 
surgical wound debridement samples were collected and cultures were identified and tested for antimicrobial 
resistance. Of the 1200 patients studied, 498 (42%) were infected with at least 1 pathogen and 57 with > 2 
pathogens. The most common species were Acinetobacter spp. (isolated from 144 patients), coagulase-negative 
staphylococci (122), Escherichia coli (107), Pseudomonas aeruginosa (92) and Klebsiella spp. (86). A high level of 
resistance to the antibiotics tested was found, especially among Acinetobacter spp. Multi-drug-resistant Gram-
negative bacilli were an important complicating factor in wound infections associated with war injuries among 
injured patients in Libya. Effective policies are needed to control and treat such infections particularly in trauma 
and emergency services.
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خصائص عدوى الجروح لدى ذوي الإصابات خلال الصراع في ليبيا عام 2011
اغنية ضو، سعاد طلوبة، محمد ضو

ف على العوامل المسببة للعدوى في جروح الحرب في إقليم شرق المتوسط. وفي هذه الدراسة  الخلاصـة: قليلةٌ هي الدراسات التي أجرت تحليلًا للتعرُّ
حلَّل الباحثون مختلف العَدَاوى في جروح 1200 مصاب في الصراع الذي جرى في ليبيا عام 2011، ممن قُبلِوا في الخدمات الإسعافية في المركز الطبي 
المضادة للمكروبات.  المسببة، ومقاومتها للأدوية  المكروبات  للتعرف على  أنسجة الجروح وزرعوها  أو عينات من  في طرابلس؛ فجمعوا مسحات 
رّض واحد، وكان 57 منهم لديهم عدوى بأكثر من عاملَيْن  ومن بين المرضى الذين أُجريت عليهم الدراسة كان 498 )42%( مصابين بعدوى عامل ُمم
واكد )فقد استفردت من 144 مريضاً(، والعنقوديات السلبية الكواغولات )122 مريضاً(،  . وكانت أكثر الأنواع الـمُمْرضة شيوعاً هي أنواع الرَّ ممرضَيْن
والإشريكية القولونية )107 مرضى(، والزائفة الزنجارية )92 مريضاً( وأنواع الكبسيلات )86 مريضاً(. ووجد الباحثون مستوى مرتفعاً من المقاومة 
وَاكد. وقد كانت العصيات السلبية الغرام المقاومة لأدوية متعددة من المضاعفات الهامة لعدوى الجروح  للمضادات الحيوية، ولاسيَّما لدى أنواع الرَّ

الة لمكافحة ومعالجة هذه العَدَاوى، ولاسيَّما في خدمات الإصابات والإسعافات. التالية لإصابات الحروب في ليبيا. وتمس الحاجة إلى سياسات فعَّ

Caractérisation des infections de plaies chez les patients blessés pendant le conflit libyen en 2011

RÉSUMÉ Peu d'études ont analysé la pathogénèse bactérienne des infections associées aux plaies de guerre dans 
la Région de la Méditerranée orientale. Nous avons analysé les infections des plaies après un acte chirurgical 
chez 1200 patients blessés pendant le conflit libyen en 2011 et admis au service des urgences du centre médical 
de Tripoli. Des prélèvements par écouvillon ou des échantillons du parage des plaies ont été recueillis puis 
mis en culture pour identification et analyse à la recherche de résistances aux antimicrobiens. Sur l'ensemble 
des patients dont les plaies ont été étudiées, 498 étaient porteurs d'une infection (42 %) par au moins un agent 
pathogène, et 57 par plus de deux agents pathogènes. Les espèces les plus courantes étaient Acintobacter spp. 
(isolée chez 144 patients), les staphylocoques à coagulase négative (122), Escherichia coli (107), Pseudomonas 
areuginosa (92) et Klebsiella spp. (86). Un haut niveau de résistance aux antibiotiques testés a été observé, 
en particulier pour Acinetobacter spp. Les bacilles à Gram-négatif multirésistants représentaient un facteur de 
complication important pour les infections de plaies associées à des blessures de guerre chez des patients 
blessés en Libye. Des politiques efficaces sont requises pour lutter contre de telles infections et les traiter, 
notamment dans les services de traumatologie et des urgences.
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Introduction

Wound infections during wars cause se-
rious morbidity and mortality and have 
to be treated with great care, particularly 
by clinical surgeons, who are often the 
first to treat such cases. The bacterial fea-
tures of these infections are well-known 
and the evolution of such infections and 
the causative pathogens has attracted 
much attention [1]. Wounding patterns 
during wars depend on the intensity 
of fighting and include gunshot bullet 
wounds, ulceration of vital structures, 
cavitations and devitalization of tissues 
and limb amputations. Management of 
such injuries is no longer the exclusive 
preserve of military surgeons. Initial 
measures for treating war injury are 
similar to those for any severe injury [2].

Despite the clinical complications 
associated with war-wound infections 
few studies have analysed their bacterial 
pathogenesis in the Eastern Mediter-
ranean region, an area that hosts many 
conflicts [3]. In this study we aimed to 
analyse the bacterial patterns of war-
trauma-associated infections in patients 
wounded in the conflicts in Libya in 
2011, define the factors associated with 
such infections and determine the anti-
microbial resistance patterns of aerobic 
multi-drug resistant Gram-negative 
bacilli.

Methods

Sample
A total of 1200 injured male patients 
were admitted to the emergency de-
partments in Tripoli medical centre, 
Tripoli, Libya, in the 9-month period 
from March to October 2011. Their 
ages ranged between 20–55 years. 
They were brought from different re-
gions of Libya including the Novosa 
mountains (157 patients), Tripoli/
Zawiya (398 patients), Bani Walid/
Sirte (302 patients), Zlitan/Misrata 
(236 patients) and other places (107 
patients) (Table 1).

Data collection
Data collected from each casualty 
included the mechanism of injury, its 
anatomical location, previous medical 
care and antibiotics used. Clinical speci-
mens, which included culture swabs 
and samples from any existing wound 
debridements, were collected from the 
admitted patients.

Bacterial culture techniques
The specimens were plated onto Co-
lumbia blood agar plates, chocolate 
agar, MacConkey agar plates and into 
thioglycolate broth. Blood agar and 
MacConkey agar plates were incubated 
at 35 °C in ambient air and chocolate 
agar was incubated in presence of 
5% CO2 at 35 °C. The thioglycolate 
broth was Gram-stained as it became 

turbid. Negative culture plates were left 
for 5 days, after which negative bacterial 
cultures were discarded. Each bacterial 
isolate was biochemically identified using 
the Analytical Profile Index 20 Entero-
bacteriaceae (bioMérieux) for lactose-
fermenting Gram-negative bacilli. Others 
were identified according the standard 
microbiological methods established [4].

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was 
determined using the Kirby–Bauer disk 
diffusion test using National Commit-
tee for Clinical Laboratory Standards 
criteria for each bacterial species [5]. The 
following antibiotic disks were used for 
penicillins (ampicillin, amoxicillin, ticar-
cillin and imipenem), cephalosporins 
(cefazolin, cefotaxime and ceftazidime), 

Table 1 Clinical and microbiological characteristics of patients with war-trauma 
injuries during the 2011 conflict in Libya

Variable No. of patients %
(n = 1200)

Anatomical location of wound

Chest and back 379 32

Abdomen 239 20

Head and neck 202 17

Extremity (upper or lower) 189 16

Loss of limb 93 8

More than 2 locations 98 8

Mechanism of injury of wound

Gunshot 343 29

Shrapnel 283 24

Blunt instrument 197 16

Blast 171 14

Burn 89 7

Other 117 10

Outcome of wound treatment

Died in hospital 310 26

Discharged alive 890 74

Bacteriological culture from wound

Positive 498 42

Negative 702 58

No. of organisms isolated from positive 
wound cultures (n = 498)

1 293 59

2 148 30

> 2 57 11
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and were classified as uninfected. Both 
infected and non-infected patients had 
an average age of about 30 years, ranging 
from 20–55 years, with no significant 
difference in age between the infected 
and uninfected patients.

The injured patients were brought 
from different geographical zones 
across Libya. Table 2 shows the dis-
tribution of wound-infected and 
uninfected patients according to the 
battlefield area and type of battle. The 
greatest number of infected patients 
were brought from the Tripoli/Zawiya 
zone (177 patients), followed by Bani 
Walid/Sirte (105 patients) and Zlitan/
Misrata (102 patients). Patients bought 
from Tripoli/Zawiya had the high-
est rate of infection (44%) and Bani 
Walid/Sirte the lowest (35%). The 
Novosa mountains area had the highest 
rate of deaths (39%). Patients injured in 
ground battles (i.e. those were brought 
from the rebel fighting areas) had a 
higher rate of infection (43%) than 
those wounded by airstrikes (i.e. those 
brought from army compounds where 
there was no fighting on the ground) 
(36%) (Table 2). 

Organisms cultured and 
susceptibility patterns
Of the 498 patients with positive bacte-
rial cultures, 293 (59%) had a single 
organism isolated, 148 (30%) had 2 

organisms and 57 (11%) had more than 
2 pathogens.

The most common organism 
cultured from wounded patients was 
Gram-negative bacilli, which included 
Acinetobacter spp. in 144 patients, Escheri-
chia coli from 107 patients, Pseudomonas 
spp. from 92 patients, Klebsiella spp. from 
86 patients, while other Gram-negative 
species were cultured from 157 patients. 
Gram-positive cocci were cultured 
from 178 patients, mainly coagulase-
negative staphylococci isolated from 
122 patients, while other Gram-positive 
bacteria were cultured from 56 patients.

The antimicrobial susceptibility pat-
terns of these organisms are shown 
in Table 3. Acinetobacter spp. were the 
most resistant pathogen. Other isolated 
Gram-negative bacteria showed great 
resistance to 3rd-generation cepha-
losporins and aminoglycosides, apart 
from amikacin. However, P. aeruginosa 
was quite susceptible to commonly 
used antipseudomonal therapy particu-
larly carbapenems. Coagulase-negative 
staphylococci were found to be sensi-
tive to all the antibiotics tested particu-
larly gentamicin and vancomycin.

Discussion

Wound infections associated with war 
injuries have changed over the last 

aminoglycosides (gentamicin and ami-
kacin) and miscellaneous (ciprofloxa-
cin and tetracycline) and vancomycin 
(only for Gram-positive cocci).

Results 

Clinical and demographic 
profile of wounded patients
The wound injuries of 1200 patients 
who were brought from different area of 
Libya were classified as combat-related 
according to internationally recognized 
criteria [2]. 

The mechanisms of wound inju-
ries were as follows: gunshot wounds 
(29%), shrapnel wounds (24%), blunt 
instrument wounds (16%), blast 
wounds (14%) and burns (7%) (Table 
1). The main anatomical sites of the 
wounds from which swabs for culture 
were taken were: chest and back (32%), 
abdomen (20%), head and neck (17%) 
and extremities (16%); in 98 patients 
swabs were taken from more than 2 lo-
cations (Table 1). A total of 310 (26%) 
of these patients admitted with wound 
infections died in hospital.

Wound infections
Positive bacteriological cultures were 
obtained from the wounds of 498 (42%) 
patients. The remaining 702 patients 
(59%) had negative bacterial cultures 

Table 2 Characteristics of patients with infections associated with war-trauma injuries during the 2011 conflict in Libya  

Variable Infected
(n = 498)

Uninfected
(n = 702)

Died
(n = 310)

Total
(n = 1200)

No. % No. % No. % No.

Battlefield area

Tripoli/Zawiya 177 44 221 56 93 23 398

Novosa mountains 68 43 89 57 61 39 157

Bani Walid/Sirte 105 35 197 65 79 26 302

Zlitan/Misrata 102 43 134 57 72 31 236

Other places 46 43 61 57 17 16 107

Type of battle

Ground battles 391 43 508 57 127 14 899

Airforce strikes 107 36 194 64 183 61 301

n = number of patients.
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century, not only in the pattern of the 
causative organisms and the antimi-
crobials used to tackle such serious 
infection but also in the physician’s 
approach to handling them. Formerly 
the bacteriological characterization of 
war-associated infections was based 
on the colour of the discharge and the 
smell of the wound which was associ-
ated with anaerobic bacteria particularly 
Clostridium spp. [6]. Such infection was 
associated with a high rate of morbid-
ity and mortality among the infected 
individuals. This has changed with the 
introduction of antibiotics and mod-
ern surgical management of wounds. 
This has resulted in the diminution of 
Gram-positive bacteria and emergence 
of more resistant ones particularly 
the aerobic and facultative anaerobic 
Gram-negative bacilli [3,7,8]. Our study 
in Libya showed that the infection rate 
among patients with war-associated 
infection was 42% with no variation 
according to the different regions where 

the injured patients came from. The 
infections were mainly caused by multi-
drug-resistant (MDR) Gram-negative 
bacilli.

Gunshot wounds result in gross 
tissue destruction that is an excellent 
medium for infection. In this study di-
rect gunshot, blast, blunt instrument 
and shrapnel wounds were the most 
common injuries. Such results are in 
agreement with other data collected 
from war conflicts in Vietnam, Somalia 
and Iraq [9,10].

MDR Gram-negative bacilli are 
known to be a major cause of nosoco-
mial infection particularly in wound 
infections [3,10]. This is more obvious 
in war situations. However, MDR P. 
aeruginosa, extended-spectrum beta-
lactamase-producing Klebsiella and 
Acinetobacter spp. were isolated exten-
sively from wound infections during 
the Iraqi war [4,9]. In the present study, 
MDR Gram-negative bacilli were the 
major bacteria associated with wound 

infections in injured patients in Libya. 
MDR Acinetobacter spp. isolates were 
the most common pathogen, account-
ing for 144 of the isolates cultured, 
followed by E. coli, P. aeruginosa and 
Klebsiella spp. The incidence of MDR 
Gram-negative bacilli and their rate of 
antibiotic resistance were higher in this 
study compared with similar studies 
carried in different geographical regions 
[6,8,11]. This, however, may suggest 
different ecosystems and bacteria in-
volved in these infections.

Gram-positive bacteria have been 
known to be involved in wound injury 
and many studies have reported this 
[12]. In our study 122 coagulase-nega-
tive staphylococci isolates and another 
56 miscellaneous Gram-positive bac-
teria were cultured from the wounded 
patients and sometimes were found to 
be co-pathogens with MDR Gram-neg-
ative bacilli. All of them were sensitive to 
all the antimicrobials tested except oxa-
cillin and ampicillin. This may indicate 

Table 3 Antimicrobial susceptibility profile of pathogens isolated from wounds associated with war-trauma injuries in the 
2011 conflict in Libya

Antimicrobials 
tested

Escherichia coli
(n = 107)

Klebsiella spp.
(n = 86)

Acinetobacter spp.
(n = 144)

Pseudomonas spp.
(n = 92)

Coagulase-
negative 

staphylococci
(n = 122)

No. % No. % No. % No. % No. %

Penicillins

Ampicillin 25 23 10 12 4 3 – – 0 0

Oxacillin – – – – – – – – 20 16

Ticarcillin 0 0 0 0 0 0 74 80 – –

Imipenem 107 100 86 100 144 100 90 98 – –

Cephalosporins

Cefazolin 45 42 20 23 0 0 0 0 – –

Cefotaxime 27 25 21 24 9 6 0 0 – –

Ceftazidime 75 70 73 85 0 0 85 92 – –

Aminoglycosides

Gentamicin 47 44 51 59 46 32 47 51 70 57

Amikacin 107 100 63 73 20 14 82 89 – –

Miscellaneous

Ciprofloxacin 90 84 80 93 101 70 87 95 50 41

Tetracycline – – – – – – – – 115 94

Vancomycin – – – – – – – – 120 98

Other Gram-negative bacilli (n = 157 isolates); other Gram-positive bacteria (n = 56). 
n = number of isolates tested; zero (0) indicates no bacteria cultures; dash (–) indicates not applicable.
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they were skin-commensal pathogens 
which are considered to be of low viru-
lence and pathogenicity [13].

The patients in this study were of-
ten wounded far from hospital and 
evacuated under escalating conflict 
conditions with contaminated wounds 
and diminished vascular function. 
Patients with soft tissue injuries and 
blast, gunshot and burn injuries had 
open wounds that could easily have 
been contaminated with soil, dust and 
contact with the hands of the people 
who evacuated them. The bacteria may 
have colonized wounds at the time of 
injury or as a result of personnel contact 
during evacuation or inside the hospital. 
Similar results were reported from other 
investigators for victims of the tsunami 
in Bali as well as victims of the Bosnian 
and Iraqi conflicts [14,15]. This indi-
cates that the source of acquisition of 
these organisms may be environmental 
from the battleground or endogenously 
from the patient him/herself.

The use of antimicrobials in the 
treatment of surgical wound infections 
is still disputed. Antibiotics may affect 

the wound flora and thus enhance the 
more resistant bacteria. Furthermore, 
it is not clear which is the most ap-
propriate antimicrobial to use in these 
circumstances: a narrow-spectrum one 
that covers a specific type of bacteria or a 
broad-spectrum one [16]. However, in 
certain conditions, such as unconscious 
or shocked patients and abdominal 
surgery, antibiotics have to be used. 
The antimicrobial resistance patterns 
in this study can be used to guide their 
empirical use in cases of pyrexia, shock 
or intensive soft tissue injury.

The pathogenicity of the bacteria 
plays an important role in wound in-
fection, which might be related to the 
virulence factors of the pathogens them-
selves or existence of co-pathogens 
[17]. In this study 59% of the patients 
had a single pathogen, 30% showed 2 
different isolates and 11% showed 3 or 
more isolates. This may suggest the role 
of co-pathogens in the development of 
necrotizing war trauma-related infec-
tion, particularly in Acinetobacter spp., 
which has been indicated by other stud-
ies [3,18]. Further studies are needed 

to determine the virulence factors and 
mechanism of resistance of such patho-
gens.

Our study focused on Gram-nega-
tive bacilli as most of the patients studied 
had required immediate evacuation and 
undergone immediate surgical debride-
ment. This was likely to have minimized 
the role of anaerobic infection in these 
patients. Furthermore, anaerobic bac-
teria are uncommonly recognized as a 
cause of wound war infections except 
in the Korean war [11]. This highlights 
the importance of the present study, 
which is one of the few studies in Arab 
countries that have documented the 
patterns of war-wound infections and 
characterized the causative agents of 
these injuries. Furthermore, the detec-
tion of highly resistant bacteria, such as 
Acinetobacter spp., P. aeruginosa, Klebsiella 
spp. and E. coli, mandates a change in 
the management of surgical wounds 
and infection control measures, as well 
as specific guidelines for the use of an-
timicrobials in all hospital settings and 
emergency trauma services in Libya 
[3,19,20].
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Prevention and management of wound infection

Open injuries have a potential for serious bacterial wound infections, including gas gangrene and tetanus, and these in 
turn may lead to long term disabilities, chronic wound or bone infection, and death. Wound infection is particularly of 
concern when injured patients present late for definitive care, or in disasters where large numbers of injured survivors 
exceed available trauma care capacity. Appropriate management of injuries is important to reduce the likelihood of 
wound infections. The document Prevention and management of wound infection provides core principles and protocols for 
appropriate prevention and management of infected wounds.

This document is available at: http://www.who.int/hac/techguidance/tools/guidelines_prevention_and_
management_wound_infection.pdf 


