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ABSTRACT
Objective: This study aimed to determine community-acquired pseudomonas aeruginosa growth in patients with diabetic 
foot infections and check its antibiotic sensitivity patterns.

Materials And Methods: This descriptive cross-sectional study was performed on 180 diabetic patients with foot infections. 
Blood samples and wound culture samples were sent to the hospital laboratory for analysis. Data was analyzed using SPSS 
version 20.0. After stratification, the chi-square test was applied, keeping the p-value less than 0.05 as significant.

Results: The mean and standard deviation for age was 58.9± 5.9 years. One hundred and two (56.7%) patients were male, 
while 78(43.3%) were female.  Pseudomonas aeruginosa was isolated from 16.1 % of patients with diabetic foot infections. 
Nearly 100% were sensitive to colistin and polymyxin B. Piperacillin, tazobactam, and imipenem showed a sensitivity of 
93.1%, while cefipime and amikacin showed a sensitivity of 89% and 82%, respectively.

Conclusion: Pseudomonas aeruginosa is a commonly isolated gram-negative rod from patients with diabetic foot infections, 
especially in our setup. It is usually resistant to commonly prescribed oral antibiotics and requires hospital admission for in-
travenous antibiotics. Pseudomonas aeruginosa growth is equally common in males and females and patients with different 
socioeconomic and educational classes.
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INTRODUCTION
Diabetes mellitus is defined as a chronic meta-

bolic disease characterized by persistent hyperglycemia. 
Hyperglycemia is due to impaired secretion of insulin or 
resistance to the action of insulin at the tissue level, or the 
presence of both. 1 The worldwide frequency of diabetes 
mellitus has amplified from 108 million in 1980 to 425 mil-
lion in the year 2017, and it is expected to be 630 million 
by the year 2045. 2 The frequency of diabetes mellitus in 
Pakistan was approximately 17%, and pre-diabetes was 
11% in the year 2019. 3

Diabetes Mellitus encompasses pathology of vas-
culature leading to both micro-vascular and macro-vas-
cular complications. 4 Micro-vascular complications of 
DM comprise neuropathy, nephropathy, and retinopathy, 

whereas macro-vascular complications include cardio-
vascular diseases like coronary artery disease, cerebro-
vascular disease, and peripheral artery disease. 5 Diabetic 
foot ulcer has been defined as the occurrence of foot ulcer 
related to neuropathy, peripheral artery disease, and foot 
infection. 6 

Approximately 25 percent of diabetic patients will 
develop a foot ulcer in their lifespan. There is a greater 
all-cause mortality percentage in diabetic patients with a 
Diabetic Foot Ulcer than in those without foot ulcers. 7 The 
infection encompassing the foot wound fallouts from the 
microbial incursion into the involved tissue in sufficient 
amounts to provoke a host response, resulting in com-
promised wound healing. The worldwide frequency of Di-
abetic Foot Infection has been described between 25 and 
50 percent. 8 Diabetic foot infections (DFI) are frequently 
poly-microbial, involving both gram-positive, gram-neg-
ative and anaerobic bacteria. 9 Previously, gram-positive 
organisms were most commonly isolated from diabetic 
foot infections, but there is now a shifting tendency noted 
in various studies, with gram-negative bacteria replacing 
gram-positive bacteria as the causative organism in dia-
betic foot infections and pseudomonas aeruginosa having 
a prevalence of 13.54%. 10 Pseudomonas presents a grave 
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therapeutic challenge for both treatment and cost burden.

Keeping in mind the higher prevalence of 
gram-negative organisms causing diabetic foot infections 
and pseudomonas aeruginosa being a therapeutic chal-
lenge, this study is being conducted to find the frequency 
of pseudomonas aeruginosa growth in diabetic foot infec-
tion and its antibiotic sensitivity. The objective of the study 
was to determine the frequency of pseudomonal growth in 
patients with diabetic foot infection and its antibiotic sen-
sitivity pattern. This study will help in prescribing empirical 
treatment for pseudomonas infection of the foot in diabetic 
patients in areas where wound culture and sensitivity tests 
are not available. 

MATERIAL AND METHODS
This study was conducted in the endocrinology 

unit of Lady Reading Hospital, Peshawar, on 180 patients 
with diabetic foot infections after approval from the hospi-
tal’s ethical committee. Written informed consent was tak-
en from all the patients, and a non-probability consecutive 
sampling technique was used. Symptomatic (polyuria, 
polydipsia) patients with random blood glucose of more 
than 200 mg/dl or HBA1C of more than 6.5 were labeled 
as having diabetes (both newly diagnosed and those al-
ready on treatment).  Diabetic patients with foot ulcers and 
purulent discharge with two more of the following, includ-
ing white cell count of more than 10000 per cubic milliliter, 
signs of inflammation (swelling, redness, and pain), and 
raised inflammatory markers, were labeled as having dia-
betic foot infection. Pseudomonas is a bacterium and be-
longs to the gram-negative rod family. When an antibiotic 
produces an inhibitory zone of 14 mm or more for a bac-
terium at 37 degrees centigrade, that specific bacterium 
is said to be sensitive to that antibiotic, and an inhibitory 
zone of less than 14 mm will be considered as resistant. 
Infections that develop within 48 hours of hospital admis-
sion were labeled as community-acquired.

Patients with diabetic foot infections who had not 
received antibiotics were included in this study. Patients 
who received antibiotics before hospital visits were ex-
cluded from the study. Samples of blood were taken from 
all patients and were sent to the hospital laboratory for 
measurement of complete blood count, CRP, random 
blood sugars, and HBA1C. Swabs from wounds were 
taken using sterile culture sticks and were sent to the 
hospital laboratory for culture and sensitivity.  Information 
regarding demographics was taken and recorded using 
pro forma. Data was analyzed using SPSS version 20.0. 
Means and standard deviations were calculated for con-
tinuous variables like age, HBA1C, and duration of dia-
betes. Frequencies and percentages were calculated for 
categorical variables like gender, pseudomonas growth, 
education, socioeconomic status, and residence. Pseu-
domonal growth was stratified against gender, education, 
socioeconomic status, and residence to see effect modi-
fication. Post-stratification chi-square tests were applied, 
keeping the p-value less than 0.005 as significant. Results 
were presented in tables.

RESULTS
This study was conducted on 180 patients with 

diabetic foot infections. The following results emerged 
from the analysis. The mean and standard deviation for 
age was 58.9 ± 5.9 years, the mean and standard devi-
ation for HBA1c was 9.6 ± 1.8, while the mean and stan-
dard deviation for the duration of diabetes was 9.8 ± 3.0 
years. One hundred and two (56.7%) patients were male, 
while 78 (43.3%) patients were female. Fifty-six (31.1%) 
patients were illiterate, 78 (43.3%) patients had primary 
education, and 30 (16.7%) patients had intermediate edu-
cation, while 16 (8.9%) patients had secondary and higher 
qualifications. Ninety-one (50.6%) patients belonged to 
rural areas, while 89 (49.4%) patients represented urban 
areas. Sixty (33.35) patients had monthly income less than 
Rs.16000, 80 (44.4%) patients had monthly income be-
tween Rs.16000 and 35000 and 40 (22.2%) patients were 
having monthly income more than Rs.35000. Pseudomo-
nas was found in 29 (16.1%) patients while 151 (83.9%) 
patients did not show pseudomonal growth (Table no. 1).

Pseuodomonal growth was stratified among gen-
der, socioeconomic status, education status, and resi-
dence for effect modifications using the chi-square test, 
and the results are shown in Tables no 2,3,4, and 5. Gen-
der and pseudomonal growth cross-tabulation showed no 
significant difference in pseudomonal growth among male 
and female patients. The Chi-square test was applied and 
showed a value of 0.5 (table no. 2).

Pseudomonas growth and socioeconomic status 
cross-tabulation showed no significant difference among 
different socioeconomic status patients with a p-value 
of 0.9 (Table no. 3) Pseudomonal growth and education 
status cross-tabulation showed that the majority of pa-
tients with pseudomonal growth were either illiterate or 
had primary education qualifications. The chi-square test 
was applied giving a p-value of 0.6 (table no. 4). Pseudo-
monal growth and residence cross-tabulation showed no 
significant difference in growth among patients with rural 
and urban residences, with a p-value of 0.39 (table no. 
5). The sensitivity of pseudomonas was checked against 
commonly used antibiotics (Table no. 6). Isolates showed 
100 % sensitivity to colistin and polymyxin B. Imipenem, 
meropenem, and piperacillin, tazobactam were sensitive 
against 93.1% isolates of pseudomonas aeruginosa.

DISCUSSION
Diabetic foot infection is one of the common 

chronic complications of diabetes with significant mor-
bidity. Many different bacterial pathogens including Pseu-
domonas aeruginosa are responsible for diabetic foot 
infections. Pseudomonas aeruginosa isolated from these 
infections are usually multidrug resistant. In our study, we 
found that pseudomonas	 as aeruginosa was isolated 
from 16.1% of patients with diabetic foot infections, which 
were resistant to the majority of commonly prescribed oral 
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Table No 1: Pseudomonal Growth in DFI

Frequency Percent

Yes 29 16.1

No 151 83.9

Total 180 100.0

Table No 3: Pseudomonal Growth Socioeconomic Status Cross Tabulation

Socioeconomic Status Total P value

Less than 
16000

16 to 35000 More than 
36000

Pseudomonal 
Growth

Yes Count 10 12 7 29

% Within pseudomonal growth 34.5% 41.4% 24.1% 100.0% 0.9

No Count 50 68 33 151

% Within pseudomonal growth 33.1% 45.0% 21.9% 100.0%

Total Count 60 80 40 180

% Within pseudomonal growth 33.3% 44.4% 22.2% 100.0%

Table No 4: Pseudomonal Growth Education Status Cross Tabulation

Socioeconomic Status Total P value

Illiterate Primary Intermedi-
ate

Secondary 
and Higher

Pseudomon-
al growth

Yes Count 9 15 3 2 29

% Within pseudomonal 
growth

31.0% 51.7% 10.3% 6.9% 100.0% 0.6

No Count 47 63 27 14 151

% Within pseudomonal 
growth

31.1% 41.7% 17.9% 9.3% 100.0%

Total Count 56 78 30 16 180

% Within pseudomonal 
growth

31.1% 43.3% 16.7% 8.9% 100.0%

Table No 5: Pseudomonal Growth Residence Cross Tabulation

Residence Total P value

Rural Urban

Pseudomonal 
growth

Yes Count 17 12 29

% within pseudomonal growth 58.6% 41.4% 100.0% 0.39

No Count 74 77 151

% within pseudomonal growth 49.0% 51.0% 100.0%

Total Count 91 89 180

% within pseudomonal growth 50.6% 49.4% 100.0%

Table No 2: Gender  and Pseudomonal Growth Cross Tabulation

Pseudomonal Growth Total P value

yes no

Gender Male Count 18 84 102

% within gender 17.6% 82.4% 100.0% 0.5

Female Count 11 67 78

% within gender 14.1% 85.9% 100.0%

Total Count 29 151 180

% within gender 16.1% 83.9% 100.0%
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and intravenous antibiotics. A study published in the Jour-
nal of the American Podiatric Medical Association showed 
that pseudomonas aeruginosa was the most commonly 
isolated organism (25%) followed by staphylococcus au-
reus. 11 Another study published in the International Jour-
nal of Microbiology showed that 55% of pseudomonas 
aeruginosa species isolated from diabetic foot ulcers were 
resistant to more than 10 antibiotics. Most of these strains 
were sensitive to cefotaxime and ciprofloxacin.12 In our 
study, pseudomonas showed 100% sensitivity to colistin 
and polymyxin B followed by imipenem, meropenem, pip-
eracillin, and tazobactam.

A study published in the American Journal of 
Podiatric Medical Association showed that pseudomo-
nas aeruginosa was isolated from 5.4% of patients with 
diabetic foot ulcers. Commonly isolated organisms were 
streptococcal species and staphylococcus aureus. Pseu-
domonal growth was not related to age, HBA1c, and prior 
antibiotic use. 13 We did not study risk factors for pseu-
domonas growth in detail and the prevalence of pseu-
domonal growth in our study was higher than the men-
tioned study. A study done in India showed that 56% of 
organisms isolated from patients with diabetic foot infec-
tions were gram-negative rods, the majority of which were 
pseudomonas aeruginosa and 44% of these pseudomon-
al growth were multidrug resistant.14 Another study done in 
Egypt showed that Pseudomonas aeruginosa is the most 
common gram-negative bacteria isolated from diabetic 
foot ulcers. The majority of these were sensitive to mero-
penem and amikacin. 15 In our study, sensitivity to mero-
penem was 93.1% and sensitivity to amikacin was more 
than 80%. Another study from Nigeria demonstrated that 
Pseudomonas aeruginosa and Staphylococcus aureus 
are the most common organisms causing diabetic foot in-
fections. 71% of isolates of pseudomonas were sensitive 
to levofloxacin. 16 Sensitivity to levofloxacin in our study 
was lower than this and was approximately 62%.

A study done in Iran revealed Pseudomonas aeru-
ginosa was isolated from 7% of patients with diabetic 
foot infections. The majority of these isolates were sen-
sitive to meropenem. 18 Sensitivity to meropenem in our 
study was 93.1% and sensitivity to colistin and polymyx-
in B were 100% which were not tested in the mentioned 
study. Another study done in Gujrat, India presented that 
pseudomonas is the most common organism isolated 
from diabetic foot ulcers. 27% of these isolates were of 
pseudomonas aeruginosa. Fifty percent of these were 
extended-spectrum beta-lactamase producers. The ma-
jority of these species were sensitive to meropenem18. 
Pseudomonas aeruginosa producing extended-spectrum 
beta-lactamase and those not producing extended-spec-
trum beta-lactamase were not studied in detail in our 
study, but the majority of pseudomonal growth was multi-
drug resistant. A study done in Italy revealed that 11.7% of 
isolates from patients with diabetic foot ulcers were Pseu-
domonas aeruginosa. Fifty-seven percent of these strains 
were resistant to fluoroquinolones, 23% were resistant to 
carbapenems and 17.5% were resistant to piperacillin. 19 

Resistance to fluoroquinolones was 49% while carbapen-
em, piperacillin, and tazobactam showed 7% resistance 

respectively to pseudomonas in our study. This study was 
done on patients presented to Lady Reading Hospital, Pe-
shawar, so there is a lack of generalizability of results. The 
risk factors responsible were not studied in detail. Sensi-
tivity to some of the commonly prescribed antibiotics was 
not checked due to limited resources

CONCLUSION
Pseudomonas aeruginosa is a commonly isolated 

gram-negative rod from patients with diabetic foot infec-
tions especially in our setup. This is usually resistant to 
commonly prescribed oral antibiotics and requires hos-
pital admission for intravenous antibiotics. Pseudomonas 
aeruginosa growth is equally common in males and fe-
males and in patients with different socioeconomic and 
education classes. Pseudomonas aeruginosa is among 
the commonly isolated organisms from diabetic foot in-
fection in our part of the world and is usually resistant to 
commonly prescribed antibiotics. Care must be taken 
while prescribing antibiotics to patients with diabetic foot 
infections when pseudomonas aeruginosa growth is ex-
pected to avoid resistance. Antibiotics must be used for 
two to four weeks in diabetic foot infections due to pseu-
domonas aeruginosa. Further studies are needed to know 
the risk factors responsible for pseudomonal growth and 
its resistance patterns in diabetic foot infection.
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