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Chapter

3
Bacterial colonization, anti-microbial resistance 
and the aetiology of wounds in three different 
tropical countries

Jim E. Zeegelaar, Wies Langenberg, Eefje Jong, Hardjanto Soebono, Douwe Verkuyl,  
William R.Faber.
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Summary
This study was conducted to evaluate the colonization of wounds with micro-
organisms and the anti-microbial resistance in three different tropical countries, 
Suriname (Latin America), Indonesia (Asia) and Zimbabwe (Africa). 
Bacterial swabs were obtained from the wound surface after clinical examination. 
Swabs were stored in 8% glycerol/peptone and subsequently deep frozen. They were 
transported by air to The Netherlands, where they were processed further. 
In Suriname, 45 wounds which were frequently venous leg ulcers were investigated. 
Cultures were set-up from the swabs obtained from all wounds. Staphylococcus 
aureus was encountered in 13 of the cultures (6 tetracycline resistant), Streptococcus 
pyogenes in 2 (both tetracycline resistant), haemolytic streptococci (non-group A) in 
4 (all tetracycline resistant), Enterobacteriaceae (coliform Gram-negative rods) in 10 
and Pseudomonas aeroginosa in 5. 
In Zimbabwe, 23 wounds which were frequently traumatic wounds, were investigated. 
Cultures were set-up from the swabs obtained from all wounds. Staphylococcus 
aureus was encountered in 7 of the cultures (1 methicillin resistant, 5 tetracycline 
resistant), Streptococcus pyogenes in 1 (tetracycline resistant), coliform rods in 3 and 
Pseudomonas aeruginosa in 1. 
In Indonesia, 31 wounds which were frequently diabetic wounds, were investigated. 
Cultures were set-up from the swabs obtained from all wounds. Staphylococcus 
aureus was found in 11 of the cultures (9 tetracycline and 6 methicillin resistant), 
Streptococcus pyogenes in 2 (both tetracycline resistant), Haemolytic streptococci 
(non-group A) in 5 (2 tetracycline resistant), enterococci in 1, coliform Gram-negative 
rods in 14 (11 gentamicin, -10 ciprofloxacin resistant and 5 extended spectrum β 
lactamase-producing), Pseudomonas aeruginosa in 5 (4 tobramycin-, 2 ciprofloxacin- 
and 3 ceftazidime resistant).    
The differences in aetiology of the wounds encountered in the three countries 
were probably because of organizational differences. The influence of the bacterial 
resistance and its effect on wound healing should be explored further.    
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Introduction
Chronic wounds are a serious problem in many tropical countries.1;2 This may be 
attributed to the low standard of living, more traumatic accidents or poorly available 
health services and trained personnel. There are only few reported studies dealing 
with this subject.3  
Wounds are generally contaminated with a large number of bacteria.4;5 The bacteria 
present do not necessarily influence the healing process.6;7 However, knowledge on 
the bacterial colonization of wounds in a given area and their anti-microbial sensitivity 
is useful not only for epidemiological reasons, but also for choosing the most effective 
anti-microbial treatment for wound infections. 
Furthermore, at our out-patient clinic for tropical and imported skin diseases, serious 
(ulcerating) pyodermas, especially of the lower leg, are regularly encountered in 
otherwise healthy individuals who have visited a tropical country. To our knowledge, 
the incidence of these pyodermas remains unknown. It is not known whether the 
prevalence of bacteria such as streptococci and staphylococci that cause these 
pyodermas is higher in the tropics. Nonetheless, it is known that bacterial resistance 
to anti-microbial agents is an increasing problem in many tropical countries.8 
In this study the influence of micro-organisms on wound healing was not specifically 
investigated, but instead their colonization in general. This study was pursued to gain 
more information on the bacterial colonization, the resistance of the bacteria to anti-
bacterial agents and the aetiology of wounds encountered in tropical countries. 

Patients and Methods
Patients with wounds were examined at three participating institutions. Presence of 
the wound and any relevant underlying disease were recorded. The aetiology of the 
wounds was retrieved from the patient medical file and evaluated on clinical grounds 
since other diagnostic procedures were usually not available at the three institutions. 
Data on the used antibiotics in the preceding 3 weeks were also extracted from 
the medical files. All patients who presented with chronic skin ulcers were asked 
to participate in the study. New patients with chronic skin ulcers were traced by 
screening the registration books at the nurse stations and by ward rounds with the 
doctors on duty. Swabs for culture were obtained from wounds present for at least 3 
weeks without any tendency to heal. Swabs for culture were obtained.
The out-patient clinics of the departments of Dermatology and Surgery of the 
Academic Hospital Paramaribo, Suriname, South America were participants. Swabs 
were obtained from  June until July 1999.
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In Indonesia the out-patient clinics of Dermatology, Internal Medicine and Surgery 
at Sardjito hospital, Gadjah Mada University, Djokjakarta, participated. Swabs were 
obtained from august until September 2000.
In Zimbabwe the out-patient clinic of the Department of Surgery of the Bulawayo 
Central Hospital, Bulawayo, participated. This is a regional hospital at which a wide 
variety of wounds are seen. Swabs were obtained from May until June 2001.
For bacterial culture, the wounds were thoroughly cleaned with water-soaked gauze. 
Dacron swabs were used to collect material from the wound surface and if possible 
from under the margins of the wounds. The swabs were then immediately placed 
in 400 μl 8% glycerol/peptone in a sterile screw-cap container and placed in a 
freezer at -20 0C. All the containers were stored deep frozen and transported on 
dry ice by air to the Department of Medical Microbiology at the Academic Medical 
Centre in Amsterdam, The Netherlands. Here, they were stored at -70 0C until 
further processing. The containers from Suriname were stored frozen for 7 months, 
the containers from Zimbabwe for 5 months, and the containers from Indonesia 
for 5 months. The specimens were then defrosted and processed according to the 
standard laboratory procedures for samples from chronic wounds. The swabs were 
inoculated on selective and non-selective agars and incubated at 37 0C in air, 7% CO2 
and anaerobic conditions for at least 2 days. Suspected  Staphylococcus aureus, beta-
haemolytic streptococci and Pseudomonas aeruginosa were selected for definite 
identification and sensitivity testing in all cases. Other potential pathogens such as 
coliform bacteria, anaerobes and aerobic gram-positive rods were only investigated if 
they were considered significant (as indicated by the Gram stain, or by growth in pure 
culture, or in abundance with minimal or moderate involvement of non-pathogenic 
flora). In other cases, the presence of coliforms or (mixed) anaerobic growth was just 
recorded without further investigation. Sensitivity testing of aerobic micro-organisms 
was performed by agar diffusion, using Rosco tablets and the MIC-breakpoints of the 
Dutch CRG. Methicillin resistance in S. aureus was defined as an inhibition zone of 
less than 16 mm around a 1 μg oxacillin tablet on Columbia agar after incubation for 
48 hours at 30 0C. Tests for extended spectrum beta-lactamase (ESBL) production 
in coliform bacteria were only performed when the routine anti-biogram showed 
resistance to third generation cephalosporins. The tests used were both the ESBL 
E-test and the double tablet synergy test. 
To examine the effects of freezing and storage of swabs on the culture results, a study 
was conducted in 17 patients at the Department of Dermatology of the Academic 
Medical Centre in Amsterdam. Using the techniques and methods described above, 
two swabs were obtained from the wound. One swab was placed in a transport 
medium and cultured on the same day, while the other was placed in 8% glycerol/
peptone and stored at -70 0C for periods varying from 2 to 22 months (median 5 
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months) until further processing. The results of this validation study revealed that 
freezing and storage of the swabs had no influence on culturing

Results
The 27 men and 18 women attending the out-patient clinic in Suriname all lived in 
Paramaribo, the capital city of Suriname, or in the outskirts of the city. Their age 
ranged from 50 to 83 years (mean 63 years). A total of 45 wounds were investigated, 
mostly at the department of Surgery. The venous leg ulcers were all examined at the 
Department of Dermatology. Most prevalent were venous leg ulcers, diabetic ulcers 
and traumatic wounds (Table 1). The duration of the wounds was between 3 weeks 
and 7 years. Table 2 shows the isolation rate of three important wound pathogens 
(S. aureus, beta-haemolytic streptococci and P. aeruginosa) and of some potential 
pathogens that frequently exhibit problematic anti-microbial resistance in the 
industrialized world. The number of resistant strains in each category is also shown. 
Table 3 lists all the bacterial species grown from the swabs obtained at the three 
institutions. In Table 4 all recorded antibiotics given before or during examination of 
the patients are shown.
In the swabs from Suriname S. aureus, coliform bacteria and P. aeruginosa were the 
species most frequently encountered.  In total 48 prescriptions for antibiotics were 
recorded, mean 1.1 prescriptions per patient.

Table 1. Aetiology of wounds at three different tropical locations.

Suriname
45 patients

Zimbabwe
23 patients

Indonesia
31 patients

Venous leg ulcers 12

Traumatic ulcers 8 8 7

Diabetes wounds 10 14

Burns 1 1

Neuropathic leprosy ulcers 4 2

Arterial disease 6 1

Pressure ulcer 1 1 1

Delayed wound healing after: 
surgery

4 6

carcinoma

genital infection 2

unknown 5 1

4
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The 9 males and 14 females attending the out-patient clinic in Zimbabwe lived in the 
city of Bulawayo or in the surrounding rural area. Their age ranged from 3 months 
to 80 years (mean 40 years). At this location, 23 wounds were examined. Traumatic 
wounds, surgical wounds and genital ulcers were most common (Table 1).The 
duration of the wounds was between 3 weeks and 42 months. Cultures showed that 
S. aureus, coliform bacteria and haemolytic streptococci group A and P. aeruginosa 
were mostly present. In total 46 prescriptions for antibiotics were recorded, mean 2 
prescriptions per patient.
The 19 males and 12 females attending the out-patient clinic in Indonesia were living 
and working in the rural area surrounding Djokjakarta. Their age ranged from 8 to 72 
years (mean 45 years). At this location, 31 chronic wounds were examined. Diabetic 
wounds were most common followed by traumatic wounds (usually open fractures 
of the lower extremities). The duration of the wounds was between 3 weeks and 
3 years. Coliform bacteria, S. aureus and haemolytic streptococci group B/C/G and 
P. aeruginosa were mostly present. In total 51 prescriptions for antibiotics were 
recorded, mean 1.6 prescriptions per patient.

Table 2. Bacteria and resistance found at the three tropical locations.

Micro-organism Resistance Suriname
45 patients

Zimbabwe
23 patients

Indonesia
31 patients

S. aureus 13 (29%) 7 (30%) 11 (36%)

Tetracycline resistance 6 5 9

MRSA 0 1 6

Haem streptococci A 2 (4%) 1 (4%) 2 (7%)

Tetracycline resistance 2 1 2

Haem. streptococci B/C/G 4 (9%) 0 5 (16%)

Tetracycline resistance 4 0 4

Enterococci 4 (9%) 0 1 (3%)

Amoxicillin resistance 0 0 0

Vancomycin resistance 0 0 0

Coliform gram neg bacteria 6 (13%) 3(13%) 14 (45%)

Gentamicin resistance 0 0 11

Ciprofloxacin resistance 0 0 10

ESBL production 0 0 5

ESBL + Genta resistance 0 0 5

ESBL + Cipro resistance 0 0 4

P. aeruginosa 5 (11%) 1 (4%) 5 (16%)

Tobramycin resistance 0 0 4

Ciprofloxacin resistance 0 0 2

Ceftazidime resistance 0 0 3
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Table 3. Bacterial species cultured from the samples collected at the three locations.

Suriname 
45 patients

Zimbabwe
23 patients

Indonesia
31 patients

S. aureus S. aureus S. aureus

Coagulase negative staphyloccoci

S. pyogenes S. pyogenes S. pyogenes

Haemolytic streptococci group B Haemolytic streptococci group B

Haemolytic streptococci group C Haemolytic streptococci group C

Haemolytic streptococci group G

Enterococcus sp Enterococcus sp

S.milleri group S.milleri group

Streptococcus sp Streptococcus sp

Bacillus sp.

Citrobacter sp.

E.coli E.coli E.coli

E.cloacea

K.oytoca

K. pneumoniae K. pneumoniae

Proteus sp Proteus sp

P.mirabilis P.mirabilis P.mirabilis

P.Penneri

P.vulgaris

Providencia rettgeri

Providencia stuartii

Serratia marcescens Serratia marcescens

Coliform gram neg bacteria Coliform gram neg bacteria Coliform gram neg bacteria

Acinobacter sp. Acinobacter sp. Acinobacter sp.

Alcaligenes faecalis

P.aeroginosa P.aeroginosa P.aeroginosa

S.maltophilia S.maltophilia

B.fragilis

Peptostreptococcus anaerobius

Anaerobic gram pos cocci

mixed anaerobes mixed anaerobes

C.albicans

Yeast

Commensal flora Commensal flora Commensal flora

Skin flora Skin flora Skin flora

Mixed flora

No growth 6 X No growth 1 X
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Discussion
Wounds, especially leg ulcers, are generally a major health problem. The prevalence 
of wounds in most of the tropical countries is not known because there are only a 
few reported studies on this subject.3 It seems that traumatic wounds which are 
secondarily infected play a major role. In our study, traumatic wounds were also 
commonly encountered, although diabetes played an important role in Indonesia 
as well as in Suriname. The high prevalence of venous leg ulcers in Suriname is 
probably because of by the fact that most wounds were seen at the department of 
Dermatology. Diabetes is a major health problem both in Suriname and in Indonesia, 
with a high prevalence as compared with that in Zimbabwe.9-12 This may be reflected 
in the high prevalence of diabetic wounds encountered in these locations in Suriname 
and Indonesia.
Although, in ulcers of Dutch patients who have travelled in the tropics, group A beta-
haemolytic streptococci are, in our experience, by far the most common pathogens, 
these bacteria did not predominate in the wound swabs from the locations in the 
three tropical countries examined in this study. On the whole, we found no gross 
differences between the microbial colonization of the wounds at the three tropical 
locations and that in the wounds seen at our dermatological out-patient clinic in 
Amsterdam, even though the swabs were obtained under different climatic conditions 
and from different patient populations.
The most striking result overall and the most striking apparent difference between 
the three tropical locations, is the prevalence of anti-microbial resistance. Resistance 
among staphylococci and streptococci against tetracycline was high at all three 
locations. There was very little resistance against other anti-microbial agents in the 
isolates from Suriname, whereas in the Indonesian samples the prevalence of methicillin 
resistant S. aureus (MRSA) was substantial, as well as the anti-microbial resistance 
of the gram-negative bacteria, both against older agents such as gentamicin and 
tobramycin and against newer anti-microbial agents like ciprofloxacin and the third 
generation cephalosporins. In Zimbabwe, the picture seems to be more favourable, 
as only one of 23 examined patients had a wound colonized with MRSA. 
On the one hand, the prevalence of extended spectrum β lactamase (ESBL) producing 
gram-negative bacilli, may have been underestimated because of the insensitivity 
of the routine susceptibility method employed here as a means of screening for 
ESBL production. On the other hand, although MRSA was frequently found in the 
Indonesian samples this may to be due to the spread of one MRSA strain among the 
patients in the wards from which our swabs were obtained, or among the population 
served by the Sardjito hospital, rather than to the circulation of many different MRSA 
strains in Indonesia. This explanation is indicated by the MRSA-phage typing of 
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the Indonesian isolates carried out at the National Institute for Public Health and 
Environment (RIVM), The Netherlands, which showed that the isolates were all of the 
same type (dr. W.J.B. Wannet, personal communication)
The observed difference between the three tropical locations could have been 
caused by the prescription behaviour and over the counter availability of antibiotics. 
In Suriname drugs are only available on prescription and antibiotics, especially the 
new, more expensive ones are often difficult to obtain. Consequently, older agents 
like amoxicillin and cotrimoxazole are frequently used, whereas the use of gentamicin 
is rare, and the third generation cephalosporins are not used at all (Table 4)
What our findings do make clear is the presence in the tropics of resistant micro-
organisms that are commonly associated with industrialized countries. These findings 
have also been reported by others.8;13;14 Resistant microbe strains may spread very 
quickly and cause the failure of the locally available antibiotic regimens, not only in 
patients with wounds, but also in patients with more immediately life-threatening 
infections, in countries where the means to detect various forms of anti-microbial 
resistance and/or to implement appropriate infection control measures within 
hospitals are unavailable.
The technique of long-term storage and long-distance transport that we describe 
here was developed to make it possible to use our laboratory in Amsterdam for the 
investigation of the swabs obtained at the three tropical locations for this study. The 
technique proved to be useful in that it allowed the isolation of common wound 
pathogens, including anaerobic micro-organisms, and also the detection of MRSA 
and ESBL-producing coliform bacteria. 
The results of this study indicate that wounds in tropical countries are not more 
often colonized with S. pyogenes or S. aureus than that in the western world. Anti-
microbial resistance was found to be present in a substantial number of wounds 
that were investigated. The observed differences in aetiology of wounds at the three 
investigated tropical locations in this study probably reflects the differences in patient 
populations.
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