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Background: Hand sepsis is a common cause of morbidity. The study was conducted in the KwaZulu-Natal province
of South Africa, investigating the bacteriological profile and aetiology of hand sepsis, aiming at optimising empiric
antibiotic therapy.

Methods: This is a descriptive study of 120 patients who presented to the plastic surgery department of Inkosi Albert
Luthuli Central Hospital with hand sepsis, from January 2017 to April 2019, that required surgical drainage. Data recorded
included: aetiology of sepsis, underlying comorbidities, length of hospital stay, and outcome. A pus swab was taken
during surgical drainage for microscopy, culture and sensitivity (MCS) analysis. The relationship between clinical factors
and microbiological findings was analysed.

Results: The predominant bacterial strains cultured from infected patients, excluding methicillin-resistant Staphylococcus
aureus, were Staphylococcus aureus (80.8%) and Streptococcus spp. (20.0%), mostly due to spontaneous onset infection
(58.3%). Cultures of the more problematic Streptococcus spp. were more frequently associated in patients with diabetes
mellitus (60.0%), penetrating trauma (41.9%), or blunt trauma (31.3%). The diabetes group in isolation had the longest
median hospital stay of 8 (5—15) days, the most need for multiple procedures (60.0%), amputations (30.0%), and skin
grafts (20.0%). The most effective antimicrobial drug particularly in mixed cultures was amoxicillin-clavulanic acid.
Conclusion: Staphylococcus aureus infection was the most common. Streptococcus spp. occurred more frequently in
patients with traumatic injury and diabetes mellitus. The latter required further surgical procedures and an increased

hospital stay. Amoxicillin-clavulanic acid is the preferred empiric antimicrobial agent.
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Introduction

Hand infections are a common occurrence, often necessitat-
ing prompt medical interventions. Early microbiological
diagnosis aids in the appropriate antibiotic therapy, thereby
reducing morbidity. However, optimisation of antibiotic
therapy is still a challenge in the treatment and management
of infections. Despite advancements in medical interven-
tions, management of hand infections is still a concern.
Increases in antibiotic-resistant microbes, delayed diagnosis,
and socio-economic constraints of patients are some of
the factors that hinder the appropriate treatment of hand
infections.1 Among these factors, the increasing resistance of
bacteria against antimicrobial agents is of primary concern.
Hence, detailed investigation of microbial spectrums along
with their sensitivities to specific antimicrobial agents may
help in overcoming the recurrence of infections and other
associated complications.2 The cultured microbes from hand
infections usually show variations in different populations,
with different risk factors.3 The most common mechanism
of hand infections is trauma, and the most common causative
organism is Staphylococcus aureus*® with Streptococcus
spp. the next most frequent.*>7-10 Literature suggests that
immunosuppression influences the type of bacteria cultured
and its sensitivity to antibiotics.* It has been reported in
a local study that HIV positive patients were more likely
to culture gram-negative organisms, that were resistant to
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Cloxacillin.® Other organisms reported in hand infections
include Streptococcus spp., gram-negative organisms and
viruses.»!® Several studies reported an increase in the
occurrence of methicillin-resistant Staphylococcus aureus
(MRSA) in hand sepsis, most of which have been attributed
to nosocomial and community-acquired infections.4,8,9

Epidemiological studies revealed that manual workers are
more prone to hand infections due to a lack of protection
to their hands and the use of inferior types of equipment
owing to their poor socio-economic background.! Specific
groups of patients with comorbidities like diabetes and
HIV are susceptible to polymicrobial hand infections due
to decreased immunity, as are patients on corticosteroid
therapy and intravenous drug users.*”11:12

Many patients in KwaZulu-Natal are potentially immu-
nocompromised due to either HIV or diabetes mellitus.'
Hence, microbial investigations and antibiotic therapy are
important components of the management of hand sepsis.
However, formal microscopy, culture and sensitivity (MCS)
analysis at the time of presentation takes over 48 hours and
cannot guide the initial choice of antibiotic therapy. Therefore,
knowing the probable bacteria and their antimicrobial
susceptibility is key to effective therapy. This study aims to
analyse the relationship between the clinical factors of hand
infections, and their bacteriological spectrum to guide the
choice of optimal empirical antimicrobial therapy.
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Methods

One hundred and twenty patients had surgical drainage of
hand infections by the plastic and reconstructive surgery
department at Inkosi Albert Luthuli Central Hospital
(IALCH) from January 2017 until April 2019. Patients who
did not require surgical drainage of pus or patients in whom
a pus swab was not collected during surgical drainage were
excluded.

A standard format was used to collect information on
demographics, hand dominance, underlying comorbidities
(diabetes and HIV status), mechanism of injury and
presentation of the hand injury (affected hand, circulation).
Pus swabs were taken during drainage, and subjected to
MCS analysis. All laboratory reports were examined,
and identities of etiologic organisms were recorded.
Antimicrobial sensitivity analysis was conducted by the
laboratory, following standard protocol.'*

Descriptive statistics are presented by way of means and
standard deviations (SDs), interquartile ranges (IQRs), and
categorical variables through frequencies with percentages.
Analyses were performed with Microsoft Excel.

Results

One hundred and twenty patients presented with hand sepsis
requiring surgical drainage during the study period. The
demographic, clinical and etiological profile of the cohort
of 120 patients is shown in Table I. One patient had both
hands affected. Fingers were affected in 94 patients (79.2%),
hand palmar surface in 26 (21.7%), hand dorsal surface in 24
(20.0%), forearm volar in two (1.7%), and forearm dorsum
in three (2.5%) patients.

Four patients did not show any growth of microorganisms.
Twelve different microbial species were cultured. The most
commonly isolated microorganisms were Staphylococcus
aureus and Streptococcus spp. Ninety-eight patients (81%)
had a culture of Staphylococcus aureus (one was MRSA),
or in combination with Streptococcus pyogenes, of which
89 patients cultured Staphylococcus aureus alone. Eight
patients had mixed cultures of Streptococcus pyogenes
and Staphylococcus aureus. Twenty-four patients (20.0%)
had a culture of Streptococcus spp., either alone or in com-
bination with other bacterial species. Enterobacter cloacae,
Escherichia coli and Klebsiella pneumonia were each
cultured on a single occasion.

The most cultured microorganism in the 70 patients with
spontaneous infections was Staphylococcus aureus (88.6%),
followed by Streptococcus spp. (5.7%). Polymicrobial
cultures were present in 2.9% of patients with spontaneous
infection. The dominant microorganism in patients with
penetrating trauma was Staphylococcus aureus (71.0%),
followed by Streptococcus spp. (41.9%), mixed cultures
(19.4%), MRSA (3.2%) and Escherichia coli (3.2%). Most
of the patients with blunt trauma cultured Staphylococcus
aureus (68.8%), followed by Streptococcus spp. (31.3%) and
polymicrobial cultures (18.8%). Noticeably, 60% of patients
with diabetes mellitus also cultured Streptococcus spp. Two
patients sustained insect bites, of which one patient cultured
Staphylococcus aureus (50.0%), and another Streptococcus
pyogenes (50.0%). Only one patient had a human bite and
cultured Streptococcus constellatus. The finding is contrary
to an earlier study where polymicrobial cultures were
reported in patients with human bites.!’
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Table I: Demographics and clinical profile of study
population

Patient characteristic n=120
Median IQR
Age in years 32.0 22-39
Number Per cent
Gender
Male 93 71.5
Female 27 22.5
Employment status
Manual labour 26 21.7
Non-manual labour 92 76.7
Others 2 1.7
Hand dominance
Left-handed 12 10.0
Right-handed 105 87.5
Ambidextrous 1 0.8
Unconfirmed 2 1.7
Dominant hand affected 63 52.5
Right hand affected 60 50.0
Etiology
Spontaneous 70 58.4
Penetrating trauma 31 25.8
Blunt trauma 16 133
Human bite 1 0.8
Insect/spider bite 2 1.7
Hand circulation
Normal 113 94.2
Decreased 4 33
Absent 3 2.5
Comorbidities
Diabetes mellitus 10 8.3
HIV+ status 28 233
DM and HIV 1 0.8

In diabetic patients with hand sepsis, the most commonly
cultured organism was Streptococcus spp. (60.0%), followed
by Staphylococcus aureus (30.0%). Forty per cent of diabetic
patients cultured multiple microorganisms and 10.0% were
without any growth of microorganisms. The most cultured
microorganism in patients with HIV was Staphylococcus
aureus (85.7%), followed by Streptococcus spp. (14.3%),
and Escherichia coli (3.6%). Patients with a mixed culture,
and without a positive culture for microorganisms, account
for 7.1% and 3.6%, respectively. Only one patient had both
HIV and diabetes, and cultured Staphylococcus aureus.
Table II details the association of etiological factors and
comorbidities with microbial cultures. Diabetic patients with
spontaneous onset of infection showed a positive culture for
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Table I1: Association of etiological factors and comorbidities with microbial culture

Comorbid Etiological factors
condition Spontaneous n =70 Penetrating trauma n = 31 Blunt trauma n = 16
n Organism (7) n Organism (7) n Organism (7)
S. aureus 2
17 CIIEO Str. anginosus 1
DM Str. intermedius 1 - ang . Str. mitis/oralis & Str.
_ 7 2 E. cloacae, K. pneumonia & Str. 1
n=10 Str. pyogenes & S. aureus 1 mis 1 constellatus 1
Mixed growth 1 sanguwmis
No identifiable growth 1
HIV+ status b e 119 Str. pyo, inizrgcu; 2aureus 2
_ 18 Str. pyogenes 1 6 - PYosg ) 4 S. aureus 4
n=28 Str. pyogenes 1
No growth 1 .
E. coli 1
DM and
HIV 1 S. aureus 1
DM - diabetes mellitus, HIV — human immunodeficiency virus
Table I11: Antimicrobial sensitivity for the dominant microorganisms
Microorganisms
Antimicrobial agents *MRSA Staphylococcus aureus Streptococcus spp
n S % R % n S % R % n S % R %
Amoxicillin-clavulanic acid - - - - - 30 30 100 O 0 12 12 100 0 0
Penicillin/ampicillin - - - - - 1 0 0 1 100 24 24 100 O 0
Cloxacillin 1 0 0 1 100 9% 9 100 O 0 - - - - -
Clindamycin - - - - - 79 79 100 0 0 - - - - -
Erythromycin/azithromycin - - - - - 59 59 100 O 0 = = = = =
Cefazolin - - - - - 31 31 100 0 0 1 1 100 O 0
Trimethoprim-sulfamethoxazole - - - - - 5 5 100 O 0 - - - - -
Vancomycin 1 1 100 O 0 1 1 100 O 0 - - - - -
*MRSA — methicillin-resistant Staphylococcus aureus
n — total number of cultures
Table I'V: Outcomes of patients with hand infection related to clinical factors and microbiology cultures
2 3 :
Total patients  'Discharged BT Amputation ety SLOH

Patient characteristics procedures flap

n % n % n % n % n % Median IQR
Total sample 120 100.0 95 79.2 25 20.8 5 4.2 10 8.3 3 1.5-6
Diabetes mellitus 10 8.3 4 40.0 6 60.0 3 30.0 2 20.0 8 5-15
HIV 28 23.3 22 78.6 3 10.7 1 3.6 2 7.1 4 1.5-6.5
Penetrating trauma 31 25.8 25 80.6 6 19.4 1 32 3 9.7 3 1-5
Blunt trauma 16 133 14 87.5 2 12.5 1 6.3 1 6.3 2 0.54
With pure culture of
Staphylococcus aureus 89 74.2 73 82.0 16 18.0 1 1.1 6 6.7 3 1-5
With pure culture of
Streptococcus spp. 15 12.5 11 73.3 4 26.7 1 6.7 2 13.3 5 2-9
Any culture containing
Staphylococcus aureus 98 81.7 81 82.7 17 17.3 1 1.0 6 6.1 3 1-5
Any culture containing
Streptococcus spp. 24 20.0 18 75.0 6 25.0 2 8.3 3 12.5 5 2-7.5

1 — Discharged after single incision and drainage, 2 — Multiple procedures required, 3 — Length of hospital stay
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Staphylococcus aureus and Streptococcus spp. Among the
28 HIV positive patients, Staphylococcus aureus was the
dominant bacterial strain.

Table III shows the antimicrobial sensitivities.
Staphylococcus aureus and Streptococcus spp. were
universally sensitive to amoxicillin-clavulanic acid. Only
one MRS A which was sensitive to vancomycin was cultured,
probably due to the infection being acquired outside a
hospital environment. Penicillin/ampicillin sensitivity was
performed only once for Staphylococcus aureus due to
the very high background resistance from this organism
but tested 100% sensitive against Streptococcus spp.
Staphylococcus aureus showed sensitivity to cloxacillin,
clindamycin, erythromycin/azithromycin, cefazolin and
trimethoprim-sulfamethoxazole. Enterobacter cloacae was
found sensitive to ciprofloxacin, while E. coli was sensitive
to amoxicillin-clavulanic acid. Amoxicillin-clavulanic acid
was found to be the single most effective antibacterial agent
against the predominant bacteria Staphylococcus aureus and
Streptococcus spp.

Patients with diabetes required a higher rate of multiple
procedures (60.0%), amputation (30.0%), and skin graft/
flap (20.0%) as a result of sepsis (Table IV). Patients with
diabetes mellitus or those with any positive culture for
Streptococcus spp. had the longest duration of hospital stay,
with 8 (IQR 5-15) and 5 (IQR 2-7.5) days, respectively
(Table IV).

Discussion

Identification of predisposing factors are important for all
patients with hand sepsis. Furthermore, positive associations
of the microbial spectrum with these predisposing factors
have clinical significance in choosing appropriate antibiotics
by the physician prior to microbial test results.'® Previous
studies suggested that the most common mechanism of hand
infections is trauma.>®!” Contrary to these studies, present
findings revealed spontaneous onset infection as the more
common cause as opposed to those following trauma.'®
In the present study, most of the affected patients were
males, which is consistent with earlier studies.!® The right
hand showed preponderance over the left hand in terms of
dominance, although no association was found between
hand dominance and the pattern of injury. Manual labourers
were found to be more prone to risk of injury, exposing them
to microbial infections.

Staphylococcus aureus was the most predominant
species isolated of all bacteria. Present findings revealed
that more than 80.8% of patients cultured Staphylococcus
aureus, which is consistent with other reports.*>”-1° Another
frequent species was Streptococcus spp. (20.0%). Other
bacteria that were isolated include Enterobacter cloacae,
Escherichia coli, Klebsiella pneumonia and MRSA. It
may be mentioned that MRSA, FEnterobacter cloacae,
Escherichia coli and Klebsiella pneumonia were rarely
detected in the studied population. Different bacterial strains
were found associated with specific etiological factors and
underlying comorbidities. It was observed that patients with
spontaneous infection were more susceptible to infection
by Staphylococcus aureus, while patients with penetrating
trauma, blunt trauma or insect bites were susceptible to both
Staphylococcus aureus and Streptococcus spp. Previous
studies have shown that patients with diabetes mellitus and
HIV patients are at higher risk of polymicrobial cultures,
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which might be attributed to impaired immune functions.*720
The positive culture rate of patients with comorbidities and
polymicrobial cultures was 16.2%. There was also a positive
association between certain comorbidities and specific
strains. Patients with HIV, for example, had higher positive
culture rates for Staphylococcus aureus compared to other
bacterial strains, whereas patients with diabetes mellitus had
a higher incidence of Streptococcus spp. culture.

Diabetics had a higher rate of amputation (30.0%) or
multiple procedures (60.0%) and, not surprisingly, a longer
duration of hospital stay by an average of 3 days. The
findings corroborate those of an earlier study on outcomes
following HIV and diabetic hand infections.?"?> The higher
rates of diabetic patients with severe outcomes would be
aggravated by poorly controlled diabetes and prevalence of
polymicrobial cultures.?* The amputation rate for a patient
with trauma injury was 4.0%. The results are consistent with
some of the earlier findings on amputation rates of upper
extremities for containment of infections.?*?* Furthermore,
patients with a positive culture for Streptococcus spp. were
inclined to undergo multiple procedures, amputation, or skin
grafts.

Variations of bacterial spectrum and increasing antibiotic
resistance necessitate selection of proper empiric antibiotic
therapy against suspected infection. Study patients were
treated with a five-day course of amoxicillin-clavulanic
acid. Patients were treated with intravenous antibiotics
during admission and were discharged with oral antibiotics
to complete a five-day course of treatment. A large variety of
antibiotic treatments for hand infections are suggested in the
literature, ranging from cloxacillin, cefazolin, vancomycin,
clindamycin, trimethoprim-sulfamethoxazole, doxycycline,
meropenem, imipenem, amoxicillin-clavulanic acid, and
piperacillin-tazobactam.>'>172¢  Similar to other studies,
this study showed good sensitivity of Staphylococcus
aureus to amoxicillin-clavulanic acid,’?’ cefazolin, clin-
damycin, erythromycin/azithromycin and trimethoprim-
sulfamethoxazole. As both Staphylococcus aureus and
Streptococcus spp. were found to be the dominant bacteria
in hand infections, and both were sensitive to amoxicillin-
clavulanic acid, we therefore recommend amoxicillin-
clavulanic acid as empiric antibiotic treatment for hand
sepsis in our catchment area.

Conclusion

In this study, patients with spontaneous infection were
usually infected with Staphylococcus aureus, while
patients with penetrating trauma, blunt trauma or insect
bites were susceptible to both Staphylococcus aureus and
Streptococcus spp. Patients with HIV had higher positive
cultures for Staphylococcus aureus compared to other
bacterial strains, whereas patients with diabetes mellitus had
a higher incidence of Streptococcus spp. culture.

Diabetes as comorbidity seems to have the strongest effect
on several metrics of severity, including a need for multiple
procedures, amputations, skin grafts and a prolonged
hospital stay.

Although, in this study, diverse microbial strains are
harboured in hand sepsis in diabetics, the most common
organism cultured is Streptococcus spp, followed by
Staphylococcus aureus. The present study revealed that both
the strains were sensitive to amoxicillin-clavulanic acid.
Moreover, due to the increasing resistance of these strains to
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penicillin/ampicillin and cloxacillin, the current best option
as empiric antibiotic treatment of hand sepsis in this clinical
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setting is amoxicillin-clavulanic acid.
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