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ABSTRACT

Background: Patients with diabetes are more vulnerable to various bacterial and fungal
infections than non-diabetic patients. This may be attributable to many risk factors resulting
from diabetes such as; vascular abnormalities, neuropathy, nephropathy, delayed wound
healing and immune depression.

Aim: the aim of the current study was to determine the most common bacterial and fungal
infections among infected diabetic patients.

Methods: One hundred and thirty nine different specimens were collected over a period of
one¢ year from diabetic patients from different hospitals in Makkah and Jeddah cities of Saudi
Arabia. The collected specimens were cultured and identified using standards microbiological
methods.

Results: Out of the 139 specimens collected from infected diabetic patients in the present
study the infections were more common in female (53.2%) than male (46.8%), and in the age
period 51-70 years (45.3%). The detected infections among infected diabetic patients were
(92.8%) bacterial infections and (7.2%) fungal infections and included diabetic foot infections
(40.3%), urinary tract infections (20.1%), respiratory tract infections (16.5%), skin infections
(10.8%), septicaemia (10.1%), genital tract infections (1.4%) and eye infection (0.7 %). The
isolated organisms from those infected diabetic patients were commonly Escherichia coli
(19.4%) and Staphylococcus aureus (18.7%). This study also showed that Candida species
were the most common fungi among infected diabetic patients.

Conchasions: This study showed that the infections among diabetic patients were more
common in female than male and in the age period 51-70 years. In addition, infected diabetic

Z\-_'I_lts were more susceptible to bacterial infections than fungal infections.

vords: Diabetes, Infections, Bacteria, Fungi

41




Joharey ., fncideoce of bacterial aid fingal infectinns auang infected dichelic pationrs .
: UQU Medical Journal

INTRODUCTION

iabetic patients are more susceptible to infections than normal individual'. This may

Dbe attributable to many factors which resulting from diabetes especially in conditions
of poor glycaemic control and long duration of diabetes.

Infections contributed factors are such as; vascular abnormalities, neuropathy, nephropathy

and delayed wound healing™. The vascular abnormalities especially microvascular may lead

to organ dysfunction”,

In addition, the immune depression has essential role in increasing the susceptibility of
infections among diabetic patients. This depression in immunity can be showed by impaired
leukocyte function, decrease T cell-mediated immune response, reduced chemotaxis releasing
and failure of neutrophils and macrophages migration to the affected area.

All of these risk factors can be accelerated with increasing of metabolic abnormalitics of
diabetes”.

Furthermore, there are other factors at the cellular level, which might increase the risk of
infections, these include; increase in thc‘ number of acute inflammatory cells, absence of
cellular growth and some cellular changes”.

Treatment of any infection in diabetic patlcnts is more difficult than non-diabetic ones
especially when there is poor glycaemic control*.

Although various infections can affect diabetic patients, the following infections are more
commonly seen in dlabeuc patxcnts and mclude skin and wound mfecuons (like foot
mfectlon cellulltes erysmelas gas gangrenc and necrotlzlng fasciitis' ), urinary tract
infections“, respiratory tract infections ?, senital tract infections'” and septicaemia. :

In this study, we have evaluated the most common bacterial and fungal infections among
infected diabetic patients.

MATERIAL AND METHODS

Specimens collection

One hundred and thirty nine different specimens were collected over a period of one year
from diabetic patients (74 males and 65 females) (106 Saudi and 33 non-Saudi) from different
hospitals in Makkah city of Saudi Arabia (81 samples in total) including: King Abdulaziz
Hospital (35 samples), King Faisal Hospital (30 samples), Ajyad General Hospital (6
samples), Hera General Hospital (6 samples), and Al-Noor Specialised Hospital (4 samples)
and Jeddah city of Saudi Arabia (58 samples in total) cities including; King Fahad General
Hospital (43 samples) and King Abdulaziz Medical City (15 samples).

Specimens handling
All specimens were delivered to the Microbiology laboratory of the Faculty of Medicine at
Umm Al-Qura University and tested without delay.
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Culture of the Specimers
Specimens except urine and stool were cultured in the following media: columbia blood agar,
macConkey agar, chocolate agar and sabouraud dextrose agar.

Urine specimens were cultured in cystine clectrolyte deficient media (CLED) and in a biplatc;
half containing MacConkey agar and the other half blood agar.

Stool specimens were cultured in deoxycholate citrate agar (DCA), xylose lysine
desoxycholate agar (XLD), MacConkey media and campylobacter selective media (skirrows).
The culture plates were incubated aerobically at 37°C (under 5% CO2, chocolate blood agar)
(42°C for Campylobacter sclective media) and examined at 24 and 48 hour. For anaerobic
cultures, the specimens were inoculated onto blood agar containing kanamyecin and
vancomycin {75 pg/ml and 7.5ug/ml, respectively). This media was incubated in Gas Pak
(BBL) jars at 37°C and examined afier 48 and 96 hour of incubation. While, for fungal
culture, the sabouraud dextrose plate were incubated for 1-2 weeks at 25° C.

ldentification of culture

Bacterial and fungal growth in culture media were identified according to growth
characteristics, colonial morphology, gram stain and proper biochemical tests. Aerobic
bacteria and fungi were identified according to standard methods'®. Anaerobic bacteria were
identified by techniques described previously'®. In addition, ali positive culturcs
identifications were confirmed using VITEK II machine according to manufacturer’s
instructions.

Data analysis

Results were statistically analysed by calculating the mean, median, standard deviation, range
and p value, using a Fisher test (Graph Pad Instat programme statistical software). P-values of
less than 0.5 were considered significant.

RESULTS

Study samples description

One hundred thirty nine positive samples were identified in this study from infected diabetic
patients, age range = 15-100 years, mean age = 61 years, median age = 61 years, mode age =
60 years and standard deviation of age = 15.6 years.

Most of the infected diabetic patients in our study were more than fifty years old (74.8%) and
25.2% of them were less than fifty years old and this difference was statistically extremely
significant (p-value is <0.0001). (Table 1).

Table 1 Distribution of positive samples from infected diabetic patients
according to age differences

41-50 51-60 61-70 71-80 8190 =90

Number of 4 10 21 33 30 26 13 2
positive samples  (2.9%) (7.2%) (15.1%) (23.7%) (21.6%) (18.7%) (9.4%) (1.4%)
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Distribution of infections among infected diabetic patients

Out of 139 positive samples collected in this study from infected diabetic patients, 129
(92.8%) were positive for bacterial growth and only 10 (7.2%) were positive for fungal
growth. This difference was statistically extremely significant (p-value is <0.0001).

The most common infections found in diabetic patients in this study were diabetic foot
infection 56 (40.3%) followcd by urinary tract infection 28 (20.1%), respiratory tract infection
23 (16.5%), skin infection 15 (10.8%), septicaemia 14 (10.1%), genital tract infection 2
(1.4%) and eye infection 1 (0.7%) (Table 2).

Johargy ., fncidence of bacterial wrd finped infections amuirg infecred diabedic patienis

Table 2 Distribution of infections among infected diabetic patients

Female Saudi

Non-Saudi Total (%)

Type of infections

Diabetic foot

2 ¢
infection 33 (38.9%)

23 (40.1%) 44 (78.6%) 12 (21.4%) 56 (40.3%)

Urinary tract

infection 7(25%) 21 (75%) 22 (78.6%) 6 (21.4%) 28 (20.1%)

Respiratory

tract 12 (52.2%) 11 (47.8%) 18 (78.3%) 521.7%) 23 (16.5%)

infection

Skin o o o o

infection 8 (53.3%) 7 (46.7%) 10 (66.7%) 5(33.3%) 15 (10.8%)
Septicaemia 4 (28.6%) 10 (71.4%) 10 (71.4%) 4 (28.6%) 14 (10.1%)

Genital tract

infection 0 2 (100%) 1 {50%) 1 (50%) 2 (1.4%)

Eye infection 1 (100%) 0 1 (100%) 0 1 (0.7%)
Total (%) 65 (46.8%) 74 (53.2%) 106 (76.3%) 33 (23.7%) 139 (100%)

Distribution of bacterial infections among infected diabetic patients

In this study, out of 129 (92.8%) bacterial positive samples identified from diabetic patients,
87 (67.4%) were positive for gram-negative bacteria and 42 (32.6%) were positive for gram-
positive bacteria. This difference was statistically extremely significant (p-value is <0.0001).
The most common isolated bacteria from diabetic patients in our study were E. coli (19.4 %)
and S. aureus (18.7%). Other bacteria isolated from infected diabetic patients in this study are
shown in (Table 3).
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Table 3 Distribution of isolated bacteria from infected diabetic patients
according to infection type

Diabetic ‘Urinary ) Genital

infection infection infection
Escherichiacoli 14 (25.5%) 9 (40.9%) 0 L(6.7%) 3 (21.4%) 0 0 (202;%)
Stapg‘r‘;i‘;‘“‘“‘“ (3 (23.69%) 0 S(8%)  5(333%)  2(143%) 0 100, o )
Pzz‘lﬂ‘g’:;lzfjs 8 (14.5%) 1 (4.5%) 3(14.3%) 16.T%)  2(14.3%) 0 0 [5,,{/;]'}1'6
pﬁiﬁ;ﬂgc 3(5.5%)  4(18.2%) 3 (14.3%) 16T%)  2{143%) 0 0 | o],?%)
ACi::éZE;m" 3 (5.5%) 1 {4.5%) 5 (23.8%) 20133%)  1(7.1%) 1 (100%) 0 (101__1;%)
Proteus mirabilis 3 (5.5%)  2(9.1%) 2095%)  2(13.3%) 0 0 0 9 (7%)
Enterococcns fecalis 2{3.6%) 4 ([8.2%) 1 (4.8%) [ {6.7%) 0 0 0 8 (6.2%)
Staphylococens 0 0 1 (4.8%) 0 3 (21.4%) 0 0 43.0%)
epidermidis

“:Sg‘fg;::l 3 (5.5%) 0 0 0 0 0 0 3 %3
Providencia stuartii 0 0 | (4.8%) 1 (6.7%) 0 0 0 2.,%'6
S‘;"}‘fg‘;gzzus (1.8%} 0 0 0 0 0 0 | (0.8%)
Proteus vulgaris 1(1.8%) 0 0 0 0 0 0 1 {0.8%)
S‘;ﬂiﬁ"y‘j?;‘i's 0 0 0 | (6.7%) 0 0 0 {0.8%)
Klebsiclla oxytoce 4] 1(4.5%) Q #] 0 ] 0 1{0.8%)
E“gr;c'ch‘]’:’:”s 0 0 0 0 1 (7.1%) 0 0 [ (0.8%)
E“l?g::g‘er 1(1.8%) 0 0 0 0 0 0 1 (0.8%)
E;‘;z‘g;i‘;?’ 1(1.8%) 0 o 0 0 0 0 1 (0.8%)
Citrobacter koseri 1 {1.8%) 0 0 ( 0 0 0 1 (0.8%)
Chr‘\’{?;‘f;’;’::ﬁf“m 1(1.8%) 0 0 0 0 D 0 1 (0.8%)

Total (%) 55(39.7%)  220058%) 21 {15.1%) 15 14(10.0%)  1(07%)  1(0.7%) 129
(10.8%) (92.8%)
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Distribution of fungal infections among infected diabetic patients

Out of 10 (7.2%) fungal positive samples identified from diabetic patients in the current
study, 5 (3.6%) were positive tor Candida species, 4 (2.9%) were positive for Candida
albicans and only 1 (0.7%) were positive (or Aspergillus species (Table 4).

Table 4 Distribution of iselated fungi from infected diabetic patients
according to infection type

Diabetic’  Urinary  Respiratory Genital

Organism name foot tract tract tract Total (%)

infection infection infection infection

Candida albicans 0 3 (30%) 0 1 {100%) 4 (40%)

Candida species 0 3 (50%) 2 {100%) 0 5 (50%)

Aspergillus species F{100%) { ¢ 0 I (109%)

Total (%) L (0.7%) 6 (4.3%) 2 (1.4%) 1 (0.7%) 10 (7.2%)
DISCUSSION

Diabetes is a worldwide disease that 1s nol only considered as a chronic disease but also as a
fatal disease. World health organisation estimated that diabetes affects more than 180 million
people and leads to about 1.1 million deaths per ycar worldwide. In Saudi Arabia, the
prevalence of diabetes is more than 24% of adult population'’. Diabetes has long been
suspected as a risk factor of infections so that diabetic patients are more susceptible fo
bacterial and fungal infections than normal individuals’,

Bacterial infections are so far more prevalent than fungal infections to infect the normal
people and diabetic patients worldwide. From those bacteria, S. aureus, Enterococcus species,
and Streptococci group B arc frequently the most isolated gram-positive bacteria while E.
coli, Pseudomonas aeruginosa and Proteus mirabilis arc frequently the most isolated gram-
negative bacteria'®.

In agreement with Abdulrazak e of'" findings, bacterial infections among infected diabetic
patients were 13 times more prevalent than fungal infections in our study (92.8%) versus
(7.2%). In addition, the most common isolated organisms from diabetic patients in this study

were E. coli (19.4%) and S. aureus (18.7%).

In the current study, the most common infection found in diabetic patients was foot infection
(40.3%}). This was in accordance to Hirsch ef ¢/’ findings whom reported that wound infection
(in particular foot wound infection) considers the major mfection in diabetic patients that
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- affecting 25% of them. [n addition, Frykberg er af " reported that diabetic foot infection is the
major source of morbidity and the leading cause of hospitalisation for diabetic patients.
Rathur and Boulton’® stated that diabetic foot infection affects men more than women, which
was in agreement with findings of this study, where 58.9% of diabetic foot infections were
from male patients and 40.1% were from female patients.
In the current study, 98.2% of diabetic foot infections were of bacterial origin in which £. coli
formed 25.5% of infection followed by S. aureus (23.6%) and Pseudomonas daeruginosa
(14.5%). In contrast to the finding of this study, Hirsch ef al? found that the most common
causative organism of diabetic foot infection is S. aqureus. Abdulrazak ef al'® reported that
Pseudomonas aeruginosa is one of the common bacterial causes of diabetic foot infection
| which is in agreement with our finding.
| In the other hand, 1.8% of diabetic foot infections in this study were of fungal origin, and the
only isolated fungi were Aspergillus species. This was in contrast to Abdulrazak ef al."® whom
reported that Candida species are the most common fungal causative agents of foot infection.

Skin infections other than diabetic foot infections arc also common in diabetic patients such
as; cellulitis, necrotizing fascuitis and others™. In the present study, skin infections other than
foot infections constituted 10.8% of all infections among infected diabetic patients, and
33.3% were caused by S. qureus. This was in accordance to several studies” which reported
that S. aureus is the main cause of skin infection among diabetic patients.

After diabetic foot infection, urinary tract infection (UTI) was the second most prevalent

infection among infected diabetic patients in this study (20.1%). This was in accordance to
| Geerlings et al'' findings whom reported that UTIs are highly prevalent and more
complicated among diabetic patients.

In addition, Geerlings ef al"!' found that UTIs are more common in female than male, which
was in agreement with findings of this study, where 75% of diabetic patients with UTIs were
female and 25% of diabetic patients with UTIs were males.

’ In the present study, 78.6% of UTIs among infected diabetic patients were of bacterial origin
where E. coli constituted 40.9% of them followed by Klebsiella pneumoniae and

Enterococcus fecalis (18.2%) for each. In accordance to findings of this study, several

studies'"?"? found that the most common causative bacterial agents of UTIs among diabetic

patients were E. coli, Klebsiella pneumoniae and Enterococcus fecalis .

For fungal UTI among diabetic patients, several studies' 2" reported Candida albicans as a
common causative fungus. This was in agreement with findings of this study where Candida
albicans (50%) and Candida species (50%) were the causative fungal agents of UTls among
infected diabetic patients.

Respiratory tract infections (in particular lower respiratory tract infections) considered one of
the common infections scen in diabetic patients’.

In agreement to Muller ef al.’ findings, respiratory tract infections were found to be the third
most common infection among infected diabetic patients in this study (16.5%). For these
respiratory tract infections, 91.3% of them were of bacterial origins where S. aureus
constituted the most common causative bacteria (23.8%) followed by Pseudomonas
aeruginosa and Kiebsiella pneumoniae (14.3%) for each. Worth noting that Acinefobacter
species found to be more common among infected diabetic patients with respiratory tract
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infections acquired from hospital through intensive care units (23.8% of respiratory tract
infections in this study were duc to Acinelobacter species) which was in agreement with Kuo

et al.>

For fungal respiratory tract infections, 8.7% of respiratery tract infections among diabetic
patients in this study were duc to fungal infections and Candida species were the only fungi
isolated in these cases.

Septicaemia is one of most common leading causc of death among diabetic patients. It is
mostly caused by S. aureus, E. coli, Pseudomonas aeruginosa and Klebsiella preumoniae™?,
In accordance to the above-mentioned studies, septicaemia or specifically bacteraemia was
the fourth most common infection among infected diabetic patients in this study (10.1%).
Bacteraemia was mostly caused by E. cofi (21.4%) and S. epidermidis (21.4%) followed by

S. aureus, Pseudomonas aeruginosa and Kiebsiella preumoniae (14.3%) for each.

In the current study, only two (1.4%) infections among infected diabetic patients were genital
infections, caused by Candida albicans and Acinetobacter baumannii and both of them were
in female patients. This was in agreement with several studies which reported that genital
infections among diabetic patients are more commonly seen in female than in male and they
mainly ??E‘f‘?ﬁ by Candida, Chlamydia trachomatis, Neisseria gonorrhoea and Streptococci
viridans 7,

Other infection found in diabetic patients in the current study was eye infection, in which one
Saudi diabetic male patient suffered from eyc infection that caused by S. aureus.

CONCLUSIONS

In conclusion, this study showed that the infections among diabetic patients were more
common in female than male and that diabetic patients were at high risk to infections in the
age period 51-70 years. In addition, infected diabetic patients were more susceptible to
bacterial infections than fungal infections and that the most common bacteria isolated from
infected diabetic patients were £. coli and S. gureus while the most common fungi isolated
from them was Candida. Furthermore, the most common types of infections found among
infected diabetic patients were diabetic foot infections followed by UTI and respiratory tract
infection .

It is hoped that the resuits obtained from this study will be of great benefits to physicians who
frequently deal with diabetic patients in their proper identification and diagnosis of bacterial
and fungal infections.

As a recommendation from this study, we recommend extending this project to cover
different regions and cities of Saudi Arabia to give a broader picture about the situation of
bacterial and fungal infections among diabetic patients. In addition, we may recommend
adding viral and parasitic causes of such infections
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