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Diabetes mellitus (DM) is one of the most chronic and dangerous diseases worldwide and in the Saudi
society in particular. Swabs (168) from DM injuries were collected from inpatient and outpatient
departments. Analysis of variance revealed high incidence of diabetic foot infections compared to other
injuries by an average of 51 and 33, respectively. Adults’ category was significantly the highest age
category in the incidence. Inpatients have recorded the highest incidence than outpatients, while
routine cases have recorded the highest rates of infection compared to the urgent and very urgent
cases. Etiology was confined in 210 bacterial isolates belonging to gram negative (G-ve), gram-positive
(G+ve), aerobic and anaerobic bacteria. The study detected a high incidence in one genus/swab
compared to two, three, four genera and polymicrobial/swab, with 67, 14, 1, 0.5 and 1.5%, respectively.
Aerobic bacteria reached 98.5% compared to anaerobic bacteria (1.5%). G-ve aerobic bacteria were
highly significant compared to G+ve. The dominant bacterial species in diabetic injuries was
Pseudomonas aeruginosa followed by Staphylococcus aureus with a rate of 28 and 17%, respectively. It
is worth noting that the antibacterial ability was evident in Ps. aeruginosa for the most bacterial isolates
tested, and this reinforces the result found in the study of Ps. aeruginosa’s dominance in diabetes
compared to the rest of the isolated bacterial genera. Results of the study are considered unique in the
epidemic spread of diabetic injuries for inpatients, outpatients, as well as the antagonistic relations of
each bacterial etiology of diabetic injuries in Saudi Arabia.

Key words: Epidemiology, etiology, bacteria, diabetic injuries, age, in-outpatients, priority, polymicrobial,
aerobic, anaerobic, Ps. aeruginosa, S. aureus.

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease that is
widespread in the world. In Saudi society, in particular,
the rate of diabetes in 1985 was estimated to be 5%,
which reached 13% in 2000. Recent data from Saudi
Arabia shows that the prevalence of type-2 DM reached
25.4% in 2014 (Al-Rubeaan et al., 2015). Moreover,
there were 3.4 million cases of diabetes in 2015 (IDF,

*Corresponding author. E-mail: aliashoeib@alexu.edu.eg .

2015), which means it is a continuous increase in Saudi
Arabia, due to the lifestyle leading to higher incidence
of DM (Al-Sobayel et al., 2014). Many studies have
been conducted on the Saudi populations with risk
factors for complications from diabetic foot (Al-Wakeel
et al., 2009; Hu et al.,, 2014; Zahrani et al.,, 2014).
Diabetic foot injuries are the most frequent(Currie et al.,
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2009), and lead to more severe complications for
diabetic patients, by progressing to foot ulcers at some
time in their lives (Singh et al., 2005). Moreover,
diabetic injuries exposed to bacterial infection
(Espinosa et al., 1999) mainly, compared to injured
persons who are not diabetics (Reiber, 2001) lead to
inflammation and destruction of the tissue, and can
lead to amputation of the lower limbs.

The current research aims to study bacterial infections
of diabetic injuries in a group of Saudi Arabia patients,
represented in the Riyadh region by assessing the
relationship between these injuries and the status of the
patients from various aspects. The study also includes
isolation and identification of bacteria associated with
diabetic injuries in general, in addition to the production
of “Bacteriocin” from bacterial species isolated from
diabetic ulcers, for studying the dominance of these
bacterial species in diabetic injuries.

MATERIALS AND METHODS

Swabs were collected from 168 injuries who are suffering from
diabetes mellitus in Riyadh Medical Complex, Ministry of Health,
Central Region - Riyadh, Saudi Arabia, from September 5th,
2005 to January 30th, 2006.

Recommended methods in Medical Complex were followed
such as sterilizing the place of taking the sample by using 70% of
ethylic alcohol or iodine or quaternary ammonium compounds or
chlorine hexedine. Swabs were cultured immediately at their
arrival to Central bacteriological Laboratory on the following
media: Blood agar, chocolate agar, MacConky in CO,; the plates
were incubated overnight at 37°C in O, incubator. Pure colonies
were checked in morphology, microscopic examination (gram
stain, spores, and motility). Also, biochemical tests based on API-
Staph system and API-tests 20E and API-20Strep (GHL, 2013)
were used to identify the bacterial species. Furthermore, some
differentiating tests were used such as: Catalase, Optochin Disk,
Staphrex, Bile Aesculin hydrolysis, and Oxidase test by the
methods used by Holt et al. (2000), and Murray et al. (2003).

It is worth mentioning, that wound swabs include the following
data: Sex, age, place of isolation, hospital departments and
bacterial isolates from injuries and on this basis we examined the
different relationships associated with the epidemiological spread
of the disease in the central region, Riyadh, Saudi Arabia.

Genera and species have been tested for their antagonistic
effect depending on the method of Shoeib (1995). The
antagonistic effect of the isolated bacterial species from the
diabetics’ injuries was measured as the inhibition area resulting
from growth.

Data were analyzed by SPSS (2006) Program: frequencies
and percentages, the means and standard deviations, the
analysis of variance and Duncan test.

RESULTS

The relationship between diabetic injuries and the
general state of the patients

Gender and DM foot infection

Regarding the gender difference in the study, the
results showed that the number of the males suffering
from diabetic injuries was more than the females;
where the number of males was 137 out of 168; while
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the number of females was 31 out of 168, at a rate of
4.4:1 respectively.

Patients’ reports also pointed the high incidence of
diabetic foot injuries compared to the injuries in other
areas of the body, where the incidence of diabetic foot
reached 102 out of 168 representing 60.7%; while other
injuries reached 66, representing 39.2% (Table 1).

Amputations cases reached 13 cases out of 168
representing 7.14%; 10 cases of them were males, and
3 were females; 10 cases were below the knee
amputation and 3 cases of toe amputation.

Analysis of variance refers to the existence of
significant difference P<0.01 where the incidence of
diabetic foot was significantly more than other injuries
by an average ratio of 51 and 33 respectively. The
number of males was significantly P<0.0001
outperforming the number of females with an average
ratio of 68.5 and 15.5, respectively (Table 1).

Age categories

Statistical analysis of the data showed that the
proportion of males with diabetic injuries was
significantly higher (P <0.01) than the proportion of
females (27.4% and 6.2% respectively). There was also
a significant effect (P <0.001) for age categories (Table
2), where the adult category was higher- according to
the incidence (%55.5). Moreover, then came the four
categories (adolescent, children, elderly, suckling) with
an equal average statistically proportions (14.5, 7, 5.5
and 1.5%, respectively).

Considering the results of the analysis of variance, it
was found that the number of infected males was
significantly higher (P<0.05) than the number of
females with an average of 27.6 and 6% respectively.

It was noted that the number of infected males was
higher than the number of infected females in all age
categories except the elderly category in which the
number of females outranked the number of males at
the rate of 1.75:1.

Inpatients and outpatients

According to the obtained results, it was found that
there was a significant difference (P<0.05) in the
incidence of diabetic injuries between inpatients (83.5%)
and outpatients (0.5%) (Table 3). The number of male
inpatients was 136 out of 167, and it was higher than
the number of female inpatients (31 out of

167).

Priority

Patients’ cases were divided in terms of their
importance into three categories of cases: Routine,
urgent, and very urgent. Analysis of variance (Table 4)
has shown that there is a significant difference (P<0.01)
in the proportion of the importance of the condition of
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Table 1. The distribution of patients with diabetes, males and females, who have infected diabetic foot
resulting from the bacterial infection as well as infection’s average rates (+ standard deviation), and analysis of
variance.

Infection Sex Total (%)

Male % Female % MeanzS.D
DM foot infection 83 49.4 19 11.3 51+36.9
Other infection 54 32.1 12 7.1 33+24.2
Total (%) Mean+S.D 68.5+16.7 15.5+4

**P<0.01; ****P<0.0001; the mean difference is significant at the 0.05 level.

Table 2. The distribution of patients with diabetes of male and female patients' with injuries according to different
age categories as well as infection’s average rates (+ standard deviation), and analysis of variance.

Sex Total (%)

Age (year) Male Female Mean+S.D
No. % No. %

Suckling® (0-2) 3 2.2 0.0 0.0 1.5+1.7
Children® (3-11) 14 10.2 0.0 0.0 7+8.1
Adolescent” (12-21) 25 18.2 4 2.9 14.5+12.1
Adults * (22-60) 91 66.4 20 64.5 55.5+40.9
Elderly® (261) 4 2.9 7 22.6 5.5+1.7
Total (%) (Mean+S.D) 27.4+34.5 6.2+7.7

**P<0.01; *P<0.05, the mean difference is significant at the 0.05 level.

Table 3. Distribution of patients with diabetes injuries of male and female in an inpatient and outpatient
departments as well as infection’s average rates (+ standard deviation), and analysis of variance.

Department Sex Total (%)

Male % Female % MeanS.D
Outpatient” 1 0.6 0 0.0 0.50.6
Inpatienta 136 80.9 31 18.5 83.5+60.6
Total (%) (Mean+S.D) 68.5+77.9 15.5+17.8

*P<0.05, the mean difference is significant at the 0.05 level.

patients with diabetes in Riyadh Medical Complex. The
routine cases were significantly higher (72%) followed
by the other two types (Urgent and Very Urgent) in
static equal proportions (10.5 and 1.5%, respectively)
where there is no significant difference between these
two categories. It has been observed that the number
of infected males was significantly higher (P<0.05) than
the number of infected females

(45.6 and 10.3%, respectively).

The relationship between diabetic injuries and
bacterial etiology

Multiple bacterial species for each swab

Statistical analysis has shown that the incidence of one
genus of aerobic bacteria/swab was highly significant
(67%). Then came the incidence of two, three, four
aerobic bacterial species and polymicrobial (Mixed from

aerobic and anaerobic bacteria)/swab, with an equal
average of proportions statistically (14, 1, 0.5 and 1.5%,
respectively) (Table 5).

Aerobic and anaerobic bacteria

All tested 168 swabs contained aerobic bacteria, where
the number of aerobic isolates was 207 out of 210
represented by 98.5%; while the number of anaerobic
isolates reached 3 represented by 1.5%. It is worth
mentioning that anaerobic bacteria are isolated
independently, but are associated with aerobic bacteria
as well (Figure 1).

Aerobic G-ve and G+ve bacteria
Analysis of variance indicates a significant difference

(P<0.05) between the incidence of aerobic G-ve
bacteria (76.5%) and the incidence of aerobic G+ve
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Table 4. Distribution of patients with diabetes, male and female infected with wound according to the importance of
the pathological condition (Priority) along with infection’s average rates (+ standard deviation), and analysis of

variance.
Priority Sex Total (%)
Male % Female % MeanzS.D
Routine 116 69 28 16.7 72+50.6
Urgent® 18 10.7 3 1.8 10.5+8.6
Very urgentb 3 1.8 0.0 0.0 1.5£1.7
Total (MeantS.D) 45.6+54.8 10.33+13.7

* P<0.05 , the mean difference is significant at the 0.05 level-

Table 5. Distribution of the multiplicity of infection cases with more than one genus in the wounds of patients with diabetes, male and
female along with average rates of infection (+ standard deviation), and analysis of variance..

Type of bacteria Genus Sex Total (%)
yp Male % Female % Mean+S.D
One genus? 107 63.6 27 16.1 67+46.2
Aerobic bacteria Tow genusb 26 155 2 1.2 14+13.8
Three genus® 2 1.2 0 0.0 1+1.2
Four genus” 1 0.6 0 0.0 0.5+0.5
Mixed (aerobic and anaerobic Polymicrobial® 2 1.2 1 0.6 1.520.5
bacteria)
Total (Mean+S.D) 27.6+43 6+11.9
**P<(0.01, *P<0.05, the mean difference is significant at the 0.05 level.
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Figure 1. The number of aerobic and anaerobic bacteria isolates isolated from wounds of patients with diabetes, males

and female.

bacteria (28.5%). Analysis of variance also refers to the
high incidence for males than females significantly, and
is also P<0.01, with an average represented by 87%
compared to 18% for male and females respectively
(Table 6).

The dominance of bacterial species

According to the standard tests recommended, G-ve
and G+ve bacteria genera and species had been
identified (Table 7); also the fungus Candida tropicalis
of the yeasts was isolated. Throughout the study, it
was found that the bacterial species mostly associated

with injuries was the rod bacterium of Ps. aeruginosa
(G-ve); it amounted to 56 out of 210 isolates with an
average of 26.7%, followed by spherical bacteria of S.
aureus (G+ve), comprising 34 isolates out of 210 with
an average of 16.2% (Table 7).

Diabetic injuries and its associated genera with Ps.
aeruginosa

Due to the dominance of Ps. aeruginosa in diabetic
injuries, species associated with it have been studied
(Table 8). Analysis of variance showed significant
difference (P<0.00001) of the presence of Ps. aeruginosa
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Table 6. Distribution of aerobic bacteria isolates (negative and positive to gram) in wounds of patients with diabetes, male and
female along with average rates of infection (+ standard deviation), and analysis of variance.

Sex
0,
Kind of bacteria Male Female Total (%)
(MeanzS.D)
No. % No. %
Gram negative/ aerobic® 129 62.3 21 10.1 76.5£62.9
Gram positive/ aerobic” 43 20.8 14 6.8 28.5+16.4
Total (%) (MeantS.D) 87+50.8 18+4.6

*P<0.05, **P<0.01, the mean difference is significant at the 0.05 level.

Table 7. The number of bacteria isolates (negative and positive to gram) isolated from wounds of patients with diabetes in
both sexes, male and female, along with the average rates of infection (+ standard deviation), and analysis of variance.

Bacteria Sex Total (%)

Male % Female % Mean+S.D
Ps. aeruginosa?® 50 23.8 6 2.9 28+25.4
S. aureus” 24 11.4 10 4.8 17+8.1
Ac. baumannii®® 18 8.6 5 2.4 11.50 7.5
E. coli®® 12 5.7 4 1.9 8+4.6
K. pneumoniae® 12 5.7 3 1.4 7.5045.2
En. cloacae °° 13 6.1 1 0.5 746.9
S.aureus (MRSA) “¢ 8 3.8 3 1.4 15.5+7.5
Acinetobacter spp “ 6 2.9 1 0.5 3.5+2.8
M. morganii® 5 2.4 0 0.0 2.5+2.8
P. mirabilis 4 1.9 1 0.5 2.5+1.7
Klepsiella spp. ° 3 1.4 0 0.0 1.5+1.7
S. epidermidis® 3 1.4 0 0.0 1.5+1.7
St. agalactiae (group B)d 3 14 0 0.0 1.5+1.7
Ent. fecalis 2 0.9 0 0.0 1+1.2
Pr. stuartii® 2 0.9 0 0.0 1#1.2
Ci. koseri’ 1 0.5 0 0.0 0.5+0.5
Enterococcus spp. d 1 0.5 0 0.0 0.5+0.5
K. oxytoca® 1 0.5 0 0.0 0.5+0.5
Proteus spp. d 1 0.5 0 0.0 0.5+0.5
Se. moarceus® 1 0.5 0 0.0 0.5+0.5
S. cohnii subsp. cohnii® 1 0.5 0 0.0 0.5+0.5
S. xylosus® 0 0.0 1 0.5 0.5+0.5
St. (group A)° 1 0.5 0 0.0 0.5+0.5
B. fragile ¢ 2 0.9 1 0.5 1.5+0.5
Total (Mean+S.D) 7.3+10.8 1.5+2.5

*****P<0.00001, the mean difference is significant at the 0.05 level.

by repeating 33 cases out of 56 cases in this bacterium
alone (58.8%). Ps. aeruginosa was associated with En.
cloacae, where the number of cases was 8 cases
representing 14.2%. This bacterium was accompanied
by other bacterial species (K. pneumonia, Klebsiella
spp, P. mirabilis, S. aureus + Bacteroides fragilis, S.
aureus + Ac. baumannii + B. fragilis) separately in one
case at a rate of 1.8% and in equal proportions that
were statistically significant. The high incidence in
males than female significantly (P<0.00001) [average
incidence in males (4.5) compared to 0.5 in females]
was recorded (Table 8).

Diabetic injuries and its associated genera with S.
aureus

S. aureus (G+ve) was the second genus that recorded
the highest rates of bacterial diabetic injuries
significantly (Table 7), where it was isolated solely by
repeating 22 cases out of 34 cases, with a percentage
of 65.1%. Moreover, while it was associated with other
species it ranged between 5.9% and 2.9% (Table 9).
Results of the analysis of variance showed that the
percentage of the presence of spherical bacteria (G+ve)
of S. aureus solely is significantly higher (P<0.00001)
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Table 8. Distribution of Ps. aeruginosa cases and its occurence with other sp./sexes in the diabetics injuries, males and female, in a
single swab along with average rates of infection (x standard deviation), and analysis of variance.

Bacteria Sex Total (%)

Male % Female % Mean+S.D
Ps. aeruginosa® 29 51.7 4 7.1 16.5+14.4
Ps. aeruginosa+Ac. baumannii® 3 5.4 0 0.0 1.5+1.7
Ps. aeruginosa+Acinetobacter spp.b 2 3.6 0 0.0 1+1.2
Ps. aeruginosa+En. cloacae” 8 14.2 0 0.0 414.6
Ps. aeruginosa+K. pneumoniaeb 1 1.8 0 0.0 0.5+0.5
Ps. aeruginosa+Klebsiella spp.b 1 1.8 0 0.0 0.5+0.5
Ps .aeruginosa+P. mirabilis® 0 0.0 1 1.8 0.5+0.5
Ps. aeruginosa+Pr.stuartiib 3 5.4 0 0.0 1.5+1.7
Ps. aeruginosa+S. aureus” 1 1.8 1 1.8 1+0.0
Ps. aeruginosa+S. aureus+B. fragilis” 1 1.8 0 0.0 0.5+0.5
Ps. aeruginosa+S. aureus+Ac. baumannii+B. fragilis® 1 1.8 0 0.0 0.50+0.57
Total (Mean+S.D) 4.5+1.2 0.5+1.2

***¥*P<0.00001, **P<0.01, The mean difference is significant at the 0.05 level.

Table 9. Distribution of S. aureus cases and its presence with other sp./sexes in diabetics injuries, males, and female, in a single swab
along with average rates of infection (+ standard deviation), and analysis of variance.

Bacteria Sex Total
Male % Female % Mean+S.D

S. aureus ® 14 41.1 8 24 11+3.5
S. aureus+E. coli 2 5.9 0 0.0 1.2+1
S. aureus+E. coli+Ac. baumannii ° 1 2.9 0 0.0 0.5+£0.5
S. aureus+Ci. koseri 1 29 0 0.0 0.51£0.5
S. aureus+K. oxytoca+M. morganii b 1 2.9 0 0.0 0.5+£0.5
S. aureus+M. morganii b 1 2.9 0 0.0 0.5+0.5
S. aureus+Ps. aeruginosa b 1 2.9 1 2.9 0.0+1
S. aureus+E. coli+ K. pneumoniae +Ac. baumannii b 1 2.9 0 0.0 0.5+0.5
S. aureus+Ac. baumannii+Ps. aeruginosa+B. fragilis b 1 2.9 0 0.0 0.5+0.5
S. aureus+Ps. aeruginosa+B. fragilis b 1 2.9 0 0 0.5+0.5
S. aureus+Ac. baumannii+E. coli+B. fragilis ° 0 0 1 2.9 0.5+0.5
Total (MeanS.D) 2.2+3.8 0.9+2.3

**rxxP<(0.00001, the mean difference is significant at the 0.05 level.

than its presence associated with other bacterial
species with an equal average ratio of 11%. While, the
other species was associated with an equal average
statistic of 1% and 0.5%. There was a higher incidence
for males than females (P<0.00001) with an average
infection rate of 2.2% and 0.9% respectively (Table 9,
Figure 2).

The antagonistic effect and dominance of bacteria
isolated from diabetic injuries:

The antagonistic effect of isolated bacteria from
diabetic injuries showed inhibition zone of some other
isolated bacteria (Table 10) as follows: S. aureus
(MRSA) showed antagonistic ability against K.
pneumoniae, and the inhibition area was estimated by
5 mm; while K. pneumoniae showed antagonistic ability
against S. aureus with an estimated inhibition area of

10 mm. En. cloacae showed antagonistic ability against
K. pneumoniae by the emergence of the inhibitory area,
and that was estimated by 4 mm. Proteus spp. showed
antagonistic ability against Klebsiella spp. that was
estimated by 17 mm..

While Ps. aeruginosa showed different antagonistic
ability against many tested genera namely: S. aureus,
Proteus spp, K. pneumoniae, E. coli, Ac. baumannii, S.
aureus (MRSA), Klebsiella spp, while the antagonistic
ability of Ent. faecalis was estimated by 31 mm.
Moreover, some tested Genera showed antagonistic
ability against other isolates represented in the
emergence of a limited number of bacterial colonies
along the inoculation line (Table 10).

DISCUSSION

The results of the statistical analysis indicated that the
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Figure 2. The number of infection cases with S. aureus and its other accompanying races/sexes in the wounds of diabetic patients,

male and female, in a single swab.

highest infection rates of injuries for both males and
females were confined in the adult category, while there
was no significant difference between the other
categories (Abdulrazak et al, 2005; Pemayun and
Naibaho, 2017). A high incidence of diabetic foot
compared to other injuries was in agreement with the
findings of previous studies (Pecoraro et al, 1990;
Reiber et al, 1995; Karchmer and Gibbons 1994;
Boulton et al, 2006; Gonzalez et al, 2003; Pemayun
and Naibaho, 2017).

The current study has shown that the number of
inpatients and routine cases for patients scored
significantly higher than the number of outpatients and
both urgent and very urgent cases. The etiology of
bacteria associated with diabetic injuries coincided with
previous studies in the dominance of aerobic bacteria
over the anaerobic ones (Ako-Nai et al, 2006; Akhi et
al, 2015; Haldar et al, 2017) and that the G-ve were
the most prevalent ones, followed by the G+ve aerobic
bacterial species (Espinosa et al, 1999, Haldar et al,
2017).

Isolation of anaerobic B. fragilis with few repetition
agrees with Ward (1982), and they were not isolated
autonomously (Louie et al, 1976; Scher and Steel,
1988; Young et al, 1993).

Detection of Polymicrobial/swab in this study agreed
with Brook and Frazier, (2000); Mottola et al (2016) and
Haldar et al (2017). While, Cunha (2000) said that the
most diabetic foot injuries, that are gravity ranging
between being moderate to severe were caused by
Polymicrobial which requires treatment with wide-
ranging antibiotics.

Ps. aeruginosa and S. aureus were the dominant in
diabetic injuries; this is in agreement with a study of
Abdulrazak et al. (2005), Bansal et al. (2008) and
Sanchez-Sanchez et al. (2017) who mentioned that S.

aureus was isolated more frequently regarding
individual species; however, it disagreed with Proteus
mirabilis (Espinosa et al., 1999), E. coli (Ako-Nai et al.,
2006) Streptococcus sp. and Enterococcus sp.
(Gonzalez et al., 2003).

Antagonistic ability of Ps. aeruginosa for the most
tested isolates namely: S. aureus, Proteus spp., K.
pneumoniae, MRSA, Klebsiella spp., E. coli, Ac.
baumannii were recorded, and what enhances the
obtained result during the research is Ps. aeruginosa in
diabetic injuries was dominant. Results from Hosono et
al (2011) agreed with our findings which indicated that
Ps. aeruginosa has antimicrobial activities against G-ve
bacteria, including E. coli and K. pneumoniae, as well
as P. aeruginosa itself. Moreover, Chacon et al. (1986)
indicated that 90% of the isolates Ps. aeruginosa have
the ability to produce “Bacteriocin”. Bauernfeind et al.
(1981) also showed that K. pneumoniae has the ability
to produce antioxidants and the inhibition of some
genera. However, this result was explained partially
with the current study, which showed that K.
pneumoniae isolated from the diabetic injuries has
antagonistic ability against S. aureus only. In addition,
our results recorded the ability of MRSA, En. cloacae
and Proteus sp., separately, to inhibit the growth of K.
pneumoniae, while Ent. faecalis has antagonistic ability
against itself.

Conclusion

The increased number of males with diabetic injuries
than females is probably due to the nature of the Saudi
society, particularly the different activities of males,
which exposes them to more injuries. Previous studies
did not address the epidemic spread of diabetic



Table 10. The opposite ability for the types and bacteria genera isolated from wounds of patients with diabetes.

Alodaini and Shoeib 13

Producer Ac. K

En. . Proteus M. Ps.

Klebsiella S.

. .. MRSA o E. coli " . Fecalis P. mirballis
indicator baumannii pneumoniae  cloacae spp. morganii aeruginosa sp. aureus

Ac. baumannii - - - - - - - 10 mm - - - -
MRSA - - - - - - - 52 mm - * - -
K. pneumoniae - 5 mm* + 4 mm - - - 11 mm - * - -
En. cloacae - - + - - - - - - - - -
E. coli - - - - - - - 18 mm - + - -
Proteus spp. - - - - - - - 2mm - - -
M. morganii - - - - - - * - - - - -
Ps. aeruginosa - - - - - - + - + - - -
Klebsiella spp. - - - - - 17 mm * 18 mm - - -
S. aureus - - 10 mm - + - 21 mm - + - -
Ent. faecalis + - _ - - - - * - * 31 mm -
P. mirballis - - - - - - - - - - - -

-, No growth; +, Few colonies on the inoculated line; *Zone of Inhibition in mm.

injuries for inpatients, outpatients and priority, as well
as the antagonistic relations of each bacterial etiology
of diabetic injuries, subsequently dominance of its
genus/genera. Therefore, data obtained from this
study covered for first time the missing information in
epidemic spread of inpatients, outpatients and priority,
as well as the antagonistic relations of each bacterial
etiology of diabetic injuries in Central Region of
Riyadh, Saudi Arabia.
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