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Abstract: Chronically infected diabetic wounds have a polymicrobial 
aetiology. However, Salmonella paratyphi A is a very rare cause of 
wound infection. A 76-year-old female patient with type II diabetes, 
presented with a wound on the left leg of two months’ duration. The 
wound was painful, erythematous and a thick, foul-smelling 
discharge was present. There was a history of delayed wound healing. 
Salmonella paratyphi A and Pseudomonas aeruginosa were isolated 
from the wound tissue. The patient was treated with cefuroxime and 
cloxacillin empirically and following the antibiotic susceptibility testing 
(ABST) report, ciprofloxacin was continued for 10 days [AQ1 - needs 

clarifying as per main text]. The wound was treated with multiple 
debridements and topical antiseptic. On follow-up, the patient 
remained afebrile with subsiding discharge from the ulcer. This is the 
first reported case of Salmonella paratyphi A, from an infected diabetic 
ulcer in Sri Lanka and it serves to further define the spectrum of 
illnesses caused by this uncommon pathogen.    
Declaration of interest: University of Sri Jayewardenepura (Grant 
No: ASP/01/RE/MED/2016/50) and Medical Research Institute (Grant 
No: 67/2015) in Sri Lanka granted financial support for the study. The 
authors have no conflicts of interest to declare.  

I
nfections caused by Salmonella spp. usually 
manifest as gastroenteritis, septicaemia or 
bacteraemia. Superficial wound infections due to 
Salmonella are very rare and not reported in Sri 
Lanka [AQ1: please clarify - does this mean no 

official reporting requirement? if so to who?]. This case 
report describes isolation of Salmonella paratyphi A from 
an infected diabetic ulcer in Sri Lanka. 

Case report
A 76-year-old female with a hard-to-heal ulcer on the 
left leg of two months’ duration was admitted to 
Colombo South Teaching Hospital in Sri Lanka. She had 
a past history of type II diabetes of 15 years’ duration, 
hypertension, and hyperlipidaemia. She was on 
metformin 500mg and gliclazide 80mg twice a day. The 
ulcer was on the lateral aspect of the middle third of the 
left lower limb, 7cm up from the left lateral malleolus, 
and was about 5.5cm [AQ2: is this cm2] in size with an 
irregular margin. The ulcer was painful, erythematous 
and a thick, foul-smelling discharge was present. The 
ulcer was infected and superficial, i.e. it did not involvie 
the tendon, capsule or bone and did not have ischaemia. 
According to the University of Texas wound classification 
system, the ulcer was a Grade 1B wound. 

On admission, the patient was afebrile. However, she 
had elevated C-reactive protein (51mg/l), white blood 
cells (17.37x103/µl), with a neutrophil count of 
9.12x103/µl showing evidence of systemic infection 
and decreased haemoglobin (9.7g/dl). Haemoglobin 
A1c level was 7%, and liver and renal functions were 
within normal limits.
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Ethical approval
Ethical approval was obtained from the Ethics Review 
Committee, University of Sri Jayewardenepura (Ref. 
12/16), Colombo South Teaching Hospital (Ref. 506) 
and Medical Research Institute (Ref. 67/2015). Written 
informed consent was obtained from the patient.

Tissue sampling and testing
Tissue specimens (two in total) were collected from 
deep within the wound bed after debridement; one in 
a sterile container for aerobic culture and another in a 
sterile Robertson Cooked Meat Medium for anaerobic 
culture. [AQ3: how was the wound cleaned? in 
discussion states 

Direct Gram stain of the specimen [AQ4: from both 
specimens?] and aerobic and anaerobic cultures were 
performed according to the Standard Operating 
Procedures.1 Direct Gram stain revealed presence of 
polymorphonuclear leukocytes (>25 cells/low power 
field) with Gram-negative bacilli. [AQ5: in 
bothspecimens?] However, Gram-positive cocci and 
fungal filaments were absent. A tissue specimen [AQ: 
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from which sample as two collected?] was sliced into 
small pieces [AQ6: what size?], weighed and 
homogenised in 1ml of sterile phosphate buffered 
saline.2 Homogenised tissue was then subjected to serial 
dilution for quantitative culture. Following this, 100µl 
of each dilution was inoculated on to blood agar (Oxoid, 
UK). A further 50µl from each of the initial homogenate 
was inoculated on to chocolate agar, MacConkey agar 
and Sabouraud’s Dextrose agar. All plates were incubated 
at 37°C for 18–24 hours and the chocolate agar was 
incubated in 5–10% CO2 for 18–24 hours at 37°C. 
Anaerobic cultures were performed as per Standard 
Operation Procedures.1 

Colony count from the blood agar plates were 
obtained and recorded as colony forming units/gram of 
tissue (CFU/g). The culture isolates were presumptively 
identified based on the colony morphology, Gram stain 
and appropriate biochemical tests as per the Standard 
Operating Procedures.1 Salmonella paratyphi A was 
isolated from the specimen together with Pseudomonas 
aeruginosa with observed colony counts of 1.2x107CFU/g 
and 11.6x107CFU/g, respectively. Identification of 
Salmonella paratyphi A was confirmed at Enteric 
Reference Laboratory, Medical Research Institute, 
Colombo, Sri Lanka by biochemical tests, and serotyping 
using Salmonella antisera (Denka Seiken Co. Ltd, Japan). 
Anaerobic organisms were not isolated from the 
anaerobic culture. 

The Salmonella paratyphi A isolate was subjected to 
DNA extraction and nearly full length 16S rRNA genes 
were amplified using the 27F primer 
(5’AGAGTTTGATCMTGGCTCAG) and 1492R primer 
(5′TACGGYTACCTTGTTACGACTT),3 followed by 
sequencing for molecular identification. Following PCR 
(polymerase chain reaction) product purification, 
bidirectional sequencing was done using  inner  primers  
of  785F (5’GGATTAGATACCCTGGTA) and 905R 
(5’CCGTCAATTCMTTTRAGTTT).[AQ7: does this need 
a reference as previous is ref’d]  The bacterial species 
were identified by nucleotide sequence analysis of the 
PCR product followed by comparison of this sequence 
with known sequences stored in the Basic Local 
Alignment Search Tool (BLAST) database (in the 
National Center for Biotechnology Information, NCBI) 
to identify the species with a similarity cut-off of 100%. 
Sequencing results identified the organism as Salmonella 
enterica sub sp. enterica serovar paratyphi A strain and was 
submitted to the GenBank database at the NCBI 
(Accession No: MH001399).

Antimicrobial susceptibility testing by  the Clinical 
and Laboratory Standards Institute (CLSI) method for 
Salmonella paratyphi A revealed susceptibility to 
ciprofloxacin, gentamicin, cefotaxime, ceftriaxone, 
amoxicillin-clavulanic acid, cefepime, imipenem, 
aztreonam, meropenem, and piperacillin-tazobactam 
and resistance to ampicillin. Pseudomonas aeruginosa 
was susceptible to ciprofloxacin, ceftazidime, 
gentamicin, piperacillin-tazobactam, cefepime, 
aztreonam, amikacin, imipenem and was resistant to 

meropenem. 
The patient was treated with cefuroxime 750mg 

(eight-hourly) and cloxacillin 500mg six-hourly 
empirically and following the ABST report, ciprofloxacin 
500mg (12-hourly) was continued for 10 days [AQ8: 
please clarify duration of a/b use - was it only 
ciprofloxacin that was continued for 10 days?]. The 
systemic antibiotics were indicated due to the presence 
of systemic symptoms [AQ9: which were?]. The patient 
was followed up with ulcer debridement three times a 
week [AQ10: for how many weeks?], at Colombo South 
Teaching Hospital. After each debridement, a topical 
medication, betadine 7.5% (w/v), was used. On 
follow-up, the patient remained afebrile with subsiding 
discharge from the ulcer. [AQ11: do we know ultimate 
outcome? did the ulcer heal?]

Discussion
According to the available literature, this is the first 
reported case of isolation of Salmonella paratyphi A from 
an infected, superficial diabetic ulcer in Sri Lanka. 
Traditional culture-dependent microbial studies of 
wound microbiota have focused on the role of aerobic 
and facultative anaerobic pathogens.[AQ12: ref?] 
Studies report polymicrobial aetiology of wounds based 
on culture methods which suggest the presence of  
Staphylococcus aureus, β haemolytic Streptococci and in 
certain circumstance, Pseudomonas aeruginosa.4 

The medical and research communities are now 
beginning to understand that the diversity of bacterial 
populations in hard-to-heal wounds may be a key 
contributor to the chronicity of the wounds, especially  
in open, diabetic hard-to-heal ulcers.4 In this case study, 
both Salmonella paratyphi A and Pseudomonas aeruginosa 
were isolated from an infected chronic diabetic ulcer. 
Pseudomonas aeruginosa is a known pathogen associated 
with diabetic ulcers. 

Salmonella spp. are known to cause enteric fever and 
have also rarely been reported to be associated with 
skin, soft tissue infections5 and osteomyelitis.6 Skin and 
soft tissue infections related to Salmonella spp. were 
reported, especially in immunocompetent patients.7 
Salmonella osteomyelitis has been reported in patients 
with gastroenteritis and with risk factors: 
haemoglobinopathies (such as sickle cell disease and 
thalassemia), and immunosuppressed status including 
human immunodeficiency virus (HIV), diabetes, 
chronic steroid use, and peripheral vascular disease 
(PVD).8–10 

Approximately 50% of patients with diabetes are 
known to have a peripheral neuropathy that predisposes 
them to the development of unrecognised [AQ13: what 
does this mean?] soft tissue and bone infections.10 Pak 
and Pham6 in 2017, presented the case of a 67-year-old 
woman with diabetes who developed Salmonella 
osteomyelitis and subsequently underwent surgical 
excision of a tibial lesion followed by two months of 
intravenous antibiotic therapy. In another study, Dowd 
et al.4 in 2008, reported the presence of three Salmonella 
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spp. (7.5%) as well as other different bacterial species, 
in a group of 40 individuals with diabetic foot ulcers 
(DFUs)  using Bacterial Tag Encoded FLX Amplicon 
Pyrosequencing. However, culture isolation of bacterial 
species was not carried out in that study.

In this case study, Salmonella paratyphi A isolated from 
microbiological investigations was further confirmed by 
gene sequencing. Similarly, in a case study published by 
Chander et al.11 in 2011, both Salmonella paratyphi A 
and Pseudomonas aeruginosa were isolated from a 
47-year-old female with a history of diabetes for 
20 years, with a hard-to-heal wound of three months’ 
duration having distal osteomyelitis [AQ14: was the 
wound caused by the d/m?].11 

However, in the present case study, the ulcer was 
categorised as grade 1B and osteomyelitis was not 
present. In this patient, both Salmonella paratyphi A and 
Pseudomonas aeruginosa were isolated from the patient’s 
infected, hard-to-heal diabetic ulcer. The fact that the 
specimen collected was a wound tissue specimen deep 
from within the wound bed and also that the patient 
had an infected ulcer strongly suggests the role of  
Salmonella paratyphi A as a pathogen rather than a 
coloniser. However, the lack of blood culture results is a 
limitation of the study which could have helped to 
confirm the pathogenic role of Salmonella paratyphi A. 

Salmonella paratyphi A is a facultative anaerobic, 
Gram-negative bacillus, belonging to the 
Enterobacteriaceae family and usually causes enteric 
fever. Most cases of salmonellosis are mild. However, 
sometimes it can be life-threatening. The development 
of extremity ulcers is a serious complication for 
approximately 15% [AQ15: is this worldwide?] of 
patients with diabetes.4,12,13 Numerous factors such as 
wound infection, wound hypoxia, nutritional 
deficiencies, ischaemia and the disease itself are the 
most common predisposing factors, which can impair 
wound healing and lead to diabetes-related lower-limb 
amputations.14–16 Wound infection and impaired 
healing dramatically increases the risk of mortality in 
patients with diabetes.17 It is reported that inconsistent 
blood sugar levels and hypoxia may impair the ability 
of white blood cells to destroy pathogenic bacteria and 
fungi that increases the risk of infection.18

The patient in this study was treated with antibiotics 
due to the presence of systemic involvement [AQ16: 
what does it mean?] while subjected to local wound 
management with antiseptics and debridement every 
three days [AQ: previously state three times a week]. The 
patient was seen to improve on follow-up. However, the 
role of antibiotics in hard-to-heal wounds is a subject of 
debate. Systematic reviews have also found little 
evidence for the benefit of antibiotic therapy on wound 
healing.19 [AQ17: statement says reviews though only 
one ref - please add more or amend] Another study 
claimed that although antibiotics are used for hard-to-
heal wounds, their optimal use and benefit remain 
unclear.20 Gardner et al.21 in 2009, also reported that no 
statistical significance was observed between the 

presence of low and high microbial load in both patients 
on and patients not on systemic antibiotics at the time 
of data collection.21 

Thus, antiseptics which have a broad spectrum of 
activity are commonly being used as a treatment 
strategy for prevention and control of infections in 
hard-to-heal wounds.22 The use of antiseptics at the 
optimal time and concentration could promote healing 
of the wound. Furthermore, the optimal timing and 
frequency of debridement is also an important 
component of wound care.23 

Wound debridement is carried out to remove non-
viable tissue and to support the development of healthy, 
well perfused tissue to enable cell proliferation to 
populate the wound bed.[AQ18: ref] In this study, 
wound debridement was carried out every three days, 
as routinely practiced in the management of hard-to-
heal wounds at the institution where the study was 
conducted. The patient underwent eight rounds of 
wound debridement, both during and after antibiotic 
treatment. Since the use of use of systemic antibiotics 
in treatment of hard-to-heal wounds is not beneficial 
[AQ19: is it definitely not beneficial or is it equivocal?], 
after each debridement, povidone-iodine (betadine) was 
used as a topical antiseptic for wound healing. Povidone-
iodine application can enhance wound healing by 
reducing microbial bio-burden in hard-to-heal wounds.
[AQ20: ref]

According to best practice guidelines for ASEAN Plus: 
management of diabetic foot wounds [AQ21: is this a 
publication - please provide ref], management of hard-
to-heal diabetic wounds generally involves keeping the 
affected area clean and dry, periodic surgical 
debridement of any necrotic tissue, revascularisation 
procedures when indicated, washing of the area with 
antibacterial solution and antimicrobial dressings for 
greater effect.24 It is believed that, in this study, the 
management of the patient’s wound, with multiple 
debridement and topical antiseptic treatment, could 
have contributed to wound healing.

This case study reports the first finding of a 
gastrointestinal pathogen Salmonella paratyphi A in a 
chronically infected diabetic wound in Sri Lanka. Thus, 
it is an indication that rare pathogens can be present in 
this type of wound and, consequently, can lead to 
complications such as osteomylitis. There are few other 
similar published case reports of Salmonella paratyphi A 
in chronically infected wounds. Diabetes is a key risk 
factor for Salmonella infection in skin, soft tissue and 
osteomyelitis.25 As the prevalence of diabetes continues 
to increase, the incidence of rare pathogens may play a 
role in the aetiology of hard-to-heal diabetic wounds 
due to the patient’s immunocompromised state. 
Therefore, it would be advisable to maintain a high 
index of suspicion for rare pathogens such as Salmonella 
paratyphi A in this group of patients.

Limitations
The lack of blood culture results is a limitation of the 
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study which could have helped to confirm the 
pathogenic role of Salmonella paratyphi A. [AQ22: please 
advise of any other limitations?]

Conclusion
This is the first reported case of isolation of Salmonella 
paratyphi A as an unusual pathogen from an infected 
diabetic wound in Sri Lanka and it serves to expand the 
spectrum of rare aetiological agents that could lead to 
chronic wound infections and complications.  JWC

Acknowledgments
The authors wish to thank the patient and staff of Colombo South 
Teaching Hospital and Department of Microbiology, Faculty of Medical 
Sciences, University of Sri Jayewardenepura, Sri Lanka.

References
1 Kumarasinghe SP. Wound care in Sri Lanka: our patients deserve better 
care. Ceylon Med J 2004; 49(1):3–6 
2 Oates A, Bowling FL, Boulton AJ et al. The visualization of biofilms in 
chronic diabetic foot wounds using routine diagnostic microscopy 
methods. J Diabetes Res 2014; 2014:153586. https://doi.
org/10.1155/2014/153586
3 Frank JA, Reich CI, Sharma S et al. Critical evaluation of two primers 
commonly used for amplification of bacterial 16S rRNA genes. Appl 
Environ Microbiol 2008; 74(8):2461–2470. https://doi.org/10.1128/
AEM.02272-07 
4 Dowd SE, Wolcott RD, Sun Y et al. Polymicrobial nature of chronic 
diabetic foot ulcer biofilm infections determined using bacterial tag 
encoded FLX amplicon pyrosequencing (bTEFAP). PLoS One 2008; 
3(10):e3326. https://doi.org/10.1371/journal.pone.0003326 
5 Bahar G, Dansuk Z, Kocatürk S et al. Abscess of the neck caused by 
Salmonella enteritidis. Otolaryngol Head Neck Surg 2003; 129(4):445–447. 
https://doi.org/10.1016/S0194-5998(03)00627-2 
6 Pak S, Pham C. Chronic salmonella osteomyelitis in a diabetic patient. 
Cureus 2017; 9(5):e1285. https://doi.org/10.7759/cureus.1285 
7 Galanakis E, Bitsori M, Maraki S et al. Invasive non-typhoidal 
salmonellosis in immunocompetent infants and children. Int J Infect Dis 
2007; 11(1):36–39. https://doi.org/10.1016/j.ijid.2005.09.004 
8 Oki M, Ueda A, Tsuda A et al. Salmonella enterica serotype enteritidis 
vertebral osteomyelitis and epidural abscess complicated with meningitis. 
Tokai J Exp Clin Med 2016; 41(3):169–171 
9 McAnearney S, McCall D. Salmonella osteomyelitis. Ulster Med J 2015; 
84(3):171–172
10 Hatzenbuehler J, Pulling TJ. Diagnosis and management of 
osteomyelitis. Am Fam Physician 2011; 84(9):1027–1033 
11 Gupta V, Sidhu S, Sharma R, Chander J. Isolation of Salmonella 
paratyphi A from a female with diabetic foot ulcer. Indian J Pathol 
Microbiol 2011; 54(2):427–428. https://doi.org/10.4103/0377-4929.81619
12 American Diabetes Association. Consensus development conference 
on diabetic foot wound care: 7–8 April 1999, Boston, Massachusetts. 
Diabetes Care 1999; 22(8):1354–1360. https://doi.org/10.2337/
diacare.22.8.1354 
13 Weerasekera MM, Kottahachchi J, Ranasinghe KN et al. Proportion of 

lower limb fungal foot infections in patients with type 2 diabetes at a 
tertiary care hospital in Sri Lanka. Indian J Endocrinol Metab 2014; 
18(1):63–69. https://doi.org/10.4103/2230-8210.126556 
14 Lavery LA, Armstrong DG, Murdoch DP et al. Validation of the 
Infectious Diseases Society of America’s diabetic foot infection 
classification system. Clin Infect Dis 2007; 44(4):562–565. https://doi.
org/10.1086/511036 
15 Palumbo P, Melton LJ. Peripheral vascular disease and diabetes. In: 
National Institutes of Health (NIH), National Institute of Diabetes and 
Digestive and Kidney Diseases. Diabetes in America (2nd edition) NIH 
1995; 2:401–408
16 Adler AI, Boyko EJ, Ahroni JH, Smith DG. Lower-extremity amputation 
in diabetes. The independent effects of peripheral vascular disease, 
sensory neuropathy, and foot ulcers. Diabetes Care 1999; 22(7):1029–
1035. https://doi.org/10.2337/diacare.22.7.1029 
17 Ismail K, Winkley K, Stahl D et al. A cohort study of people with 
diabetes and their first foot ulcer: the role of depression on mortality. 
Diabetes Care 2007; 30(6):1473–1479. https://doi.org/10.2337/dc06-2313
18 Stadelmann WK, Digenis AG, Tobin GR. Physiology and healing 
dynamics of chronic cutaneous wounds. Am J Surg 1998; 176(2 
Suppl):26S–38S. https://doi.org/10.1016/S0002-9610(98)00183-4
19 O’Meara S, Cullum N, Majid M, Sheldon T. Systematic reviews of 
wound care management: (3) antimicrobial agents for chronic wounds; (4) 
diabetic foot ulceration. Health Technol Assess 2000; 4(21):1–237 
20 Howell-Jones RS, Wilson MJ, Hill KE et al. A review of the 
microbiology, antibiotic usage and resistance in chronic skin wounds. J 
Antimicrob Chemother 2005; 55(2):143–149. https://doi.org/10.1093/jac/
dkh513 
21 Gardner SE, Hillis SL, Frantz RA. Clinical signs of infection in diabetic 
foot ulcers with high microbial load. Biol Res Nurs 2009; 11(2):119–128. 
https://doi.org/10.1177/1099800408326169 
22 Han G, Ceilley R. Chronic wound healing: a review of current 
management and treatments. Adv Ther 2017; 34(3):599–610. https://doi.
org/10.1007/s12325-017-0478-y 
23 Atiyeh BS, Dibo SA, Hayek SN. Wound cleansing, topical antiseptics 
and wound healing. Int Wound J 2009; 6(6):420–430. https://doi.
org/10.1111/j.1742-481X.2009.00639.x 
24 Nather PA, Soegondo DS, Adam DJ et al. Best practice guidelines for 
ASEANPlus: Management of diabetic foot wounds. Sri Lanka J Diabetes 
Endocrinol Metab 2015; 5(1):1. https://doi.org/10.4038/sjdem.v5i1.7277
25 Drow DL, Wegleitner M, Lau K. Neck abscess caused by Salmonella 
typhimurium. South Med J 1982; 75(7):900–900. https://doi.
org/10.1097/00007611-198207000-00046 

 

Reflective questions [AQ23: please provide 3-4 questions]

●● Ipsunt mod que nem. Istibus est, soluptatus acipis ut lit, 
berum faccus quiania quibeatur?

●● Di cum a excesec umenditincia consed etur mo officto tem 
none volupta sperferiaes exerum qui inis dolores pore pro 
illanto eria dolupta 

●● Sed quia quibeaqui doluptatem. Offic tem unt landae. Giae 
excea porepedi non parchic imint, quiae nonsequ idenienis 
pra audae venis

JW
C A

Qs

PC
Highlight
No other limitation.

user
Highlight
1. What are the most common and uncommon pathogenic bacteria which can be isolated in hard-to-heal diabetic wounds?

2. What could be the risk factors for Salmonella infection in soft tissues?

3. What causes diabetic ulcer on foot?
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