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Bacterial skin infections are especially common in children of tropical regions, varying

clinically from a process superficial (such as folliculitis), to a deeper infection (such as
necrotizing fasciitis). Infections of skin and subcutaneous tissue are frequent reasons
for medical consultations in primary health care services and hospitalization in pediatric
patients. In neonates several factors confer an increased susceptibility to bacterial infections
of the skin and its complications. Herein, we review essential aspects of the main bacterial

skin infections in newborns and nurselings.
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Key points

* Reviewing basic sciences of skin microbiology in health and
disease may help understand and conduct better cases of skin
bacterial infection

* Trivial bacterial skin infections can be serious and life
threatening when the patient is a newborn/neonate if it is not
quickly recognized and treated adequately

* Medical literature is sparse when talking about bacterial skin
infections in newborns/neonates.

Introduction

The flora of the human skin is composed of several species of
bacteria, especially Gram-positive cocci. Under normal conditions, the
release of free fatty acids by these organisms creates an environment
unfit for the installation of pathogenic bacteria. Disturbances of skin
integrity, however, allow infections to occur.'”

Bacterial infections of the skin and subcutaneous cell tissue are
especially common in children and tropical regions, ranging clinically
from a superficial infection (such as folliculitis) to a deeper infection
(such as necrotizing fasciitis).** The most common etiological agents
are staphylococci and streptococci, although other Gram-positive and
some Gram-negative bacteria may also be involved.® In this context,
it should be noted that methicillin-resistant staphylococci, of both
nosocomial and community origin, are increasingly being imputed.®

Skin and subcutaneous tissue infections are frequent causes not
only of primary care appointments but also of hospitalization in
the pediatric range. Proper management of the disease should take
into account the etiological diagnosis and the degree of systemic
impairment of the child.?

In neonates, the immaturity of the immune system and the still
limited action of the protective flora confer a greater propensity
for bacterial skin infections.” The neonate’s cutaneous flora
microorganisms are illustrated in Table 1. Neonates differ from older
children not only in that immune immaturity, but also by the larger
body surface and by having greater transepidermal water loss.

Table | Colonizing flora of newborn skin

Micrococcaceae Coagulase-negative staphylococci

Corynebacterium
Brevibacterium
Propionibacterium

Diphtheroid

Acinetobacter

Gram-negative bacteria .
g Klebsiella, Enterobacter and Proteus (rarely)

Fungus Malassezia spp.

The newborn’s skin, notably more fragile and sensitive, undergoes
aprocess of adaptation to the extrauterine environment. In the neonatal
period, the cutaneous pH tends to neutrality and the epidermal lipid
content is reduced. The large amount of proteoglycans also confers
greater water content in the newborn’s skin, facilitating transdermal
absorption of toxins.®’

These factors cause skin infections in the neonate to evolve rapidly
to severe dehydration, with great risk of complications. In preterm
or low birth weight newborns complications and death from skin
infections are even more frequent.

Impetigo

Among childhood skin infections, impetigo is the most common,
and may occur even before the third day of life.>!° Hot and humid
regions (diaper, armpit and neck areas) are the most frequently affected
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by lesions, which, when due to its superficiality, it usually does not
leave scars, although it may evolve with residual hypochromia in
dark-skinned patients.>!° Regional lymphadenopathy may be present
in some cases."!! Infection or asymptomatic colonization of caregivers
considerably increases the occurrence of impetigo in neonates,
increasing morbidity and mortality, prolonging hospitalization and
burdening health services.”

Non-bullous or contagious impetigo presents with fragile and
small vesicles and pustules that rupture and dry, giving rise to tightly
adhered pustular and melicic crusts (Figures 1 & 2). In neonates,
there is a lower tendency to form crusts on impetigo. Lesions are
more common on the face, in the perinasal region, but may also
affect the extremities.>!' Impetigo is a primary infectious process of
the skin and, in cases where the infection settles in some other pre-
existing dermatosis, it occurs. if the name of impetiginization."!%!!
Complication with fungal or gram-negative infection may occur.>!?

Figure | Bullous lesions with halo erythematosus in the anterior thorax of a
patient with impetigo. On the face and upper limbs, exulcerated lesions with
some melic crusts predominate.

Figure 2 Flabby and erythematous blisters and blisters on the face and
extremities of a patient with impetigo.

Bullous impetigo, on the other hand, is more frequent in the diaper
and face region, presenting with flaccid blisters of sero-purulent
content, surrounded by an erythematous halo.>!* After rupturing, the
blister gives rise to a circinate plaque with purulent/honey-like crusts
and some satellite lesions.>'” Fever and other such constitutional
symptoms may be present.

About 85% of cases of non-bullous impetigo are associated with
Staphylococcus aureus infection.!!'*!" Group A streptococci can be
identified in up to 30% of lesions, "' being more common in early
lesions.'? groups B, C, G and F are rarely found. Epidemic outbreaks
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of bullous impetigo are associated with Streptococcus pyogenes
infection of serotype M.>!!

In bullous impetigo, most cases are also associated with
Staphylococcus aureus (80%), inoculated by scratch or insect bite
lesions.!*!" This bacterium produces epidermolytic toxins A and B
(exfoliatins), which interact with desmogleina-1 to form the blister
(Table 2)."12 Bullous impetigo is theorized to be a localized form
of staphylococcal scalded skin syndrome.!® It is worth noting that in
bullous impetigo the Nikolsky sign is negative.! Predisposing factors
include poor hygiene and underlying skin infections (viral, fungal
and bacterial), as well as conditions accompanied by pruritus and
excoriation (atopic eczema).!” Restricted intrauterine growth, maternal
multiparity, and low socioeconomic status are also associated.

Table 2 Toxins produced by streptococci and staphylococci

Bacterium Toxins
SPE-A
SPE-B
Group A Streptococci SPE-C
SSA
Mitogenic factor
SPE-s
Gupcree TS
ptococd SEA.SEB, SEC, SED, SEE, SEG
Staphylococci

Exfoliative Toxins A and B

a. Diagnosis: In most cases of impetigo, clinical findings are
sufficient for diagnosis.!®!" Staphylococci and streptococci can be
isolated from lesions and visualized by Gram staining.! Histopathology
of non-bullous impetigo reveals intraepidermal vesicles and
pustules, whereas bullous impetigo may show blisters with epithelial
cleavage.>!® Differential diagnosis should be made with nummular
eczema, dermatophytosis, herpes simplex and foliaceous pemphigus
(for non-bullous impetigo) and fixed pigmentary erythema, erythema
multiforme, Staphylococcal scalded skin syndrome and chronic
bullous childhood diseases (for bullous impetigo).

b. Treatment: Topical mupirocin is sufficient to treat most
patients, even with results superior to systemic antibiotics.>*!1
Fusidic acid has similar effects, with complete improvement after
seven to twelve days of treatment.!® Its application in the periorificial,
interdigital, and armpit regions prevents recurrence by reduction
of bacterial flora, and the removal of adhered scabs may optimize
antibiotic action by increasing absorption.!® Gram-positive systemic
antibiotics are indicated only in the presence of constitutional
symptoms or in disseminated cases,*!' and there is no evidence to
support the ten-day superiority of therapy over seven days.!® In the
occurrence of other infections or atopic dermatitis, the disease may
have a longer course.'*!!

The systemic antibiotics of choice are erythromycin, clarithromycin
or cephalosporins. If there is evolution with systemic symptoms,
hospitalization with intravenous administration of antibiotics and
notification of the hospital where the child was born is necessary to
observe contamination of the nursery. Isolation of affected patients
should be ensured in order to prevent outbreaks. Impetigo in neonates
can be reduced by more than half with prenatal zinc supplementation.'

Retapamulin, a semi-synthetic pleuromutilin antibiotic, has
recently been used to treat impetigo. Good results were obtained and
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the Food and Drugs Administration approved its use, although only in
children older than nine months."

Two to five per cent of cases may develop acute glomerulonephritis,
which is more closely related to streptococcus pyogenes strains
of serotype M 2, 49, 55, 57 and 60 in children aged one to three
years.>!"12 Nephrogenic strains of S. aureus induce immune complex
deposition in the subendothelial region of the glomerular capillary.
Subsequent inflammation causes loss of the glomerular capillary
barrier and is clinically manifested by hypertension, edema,
hematuria and proteinuria, triggered 18 to 21 days after the onset of
the cutaneous infectious process."'® Although impetigo treatment does
not influence the occurrence or severity of glomerulonephritis,!*!?
rheumatic fever can be prevented by taking the right measures.!
Cellulitis and haematogenic dissemination are some of the possible
complications,!"!? although they are quite rare events.!

Folliculitis

The boil results from a staphylococcal folliculitis that deepens into
the dermis, affecting the sebaceous gland.? The regions most affected
are those exposed to friction (armpits, buttocks, neck and face), with
typical lesions being erythematous perifollicular nodules that may
present necrosis or central rupture.>!*!! Usually resolve leaving scars.
The term anthrax or carbuncle refers to the confluence of two or more
boils.! In this condition, fever is more common and the practitioner
should be aware of the possibility of progression to gas-containing
abscesses or necrotizing fasciitis, which require immediate surgical
debridement.?

Folliculitis caused by Malassezia furfur typically occurs on
the dorsum, pectoral region, and proximal upper limbs due to the
lipophilic character of the fungus. Perifollicular papules are more
discrete and sparse pustules may occur.! In the presence of seborrheic
dermatitis and pityriasis versicolor the suspicion that the causative
agent is M. furfur increases. On direct examination with KOH hyphae
and spores are visualized. Although topical antifungal treatment is
effective in primary resolution, recurrence is frequent.'

a. Diagnosis: The clinical presentation suggests the etiology
of folliculitis, which can be confirmed by bacterial culture and Gram
staining."" The main differential diagnoses of bacterial folliculitis are
candidiasis and eosinophilic folliculitis.'

b. Treatment: The vast majority of cases respond well to
the use of topical (mupirocin, erythromycin, benzoyl peroxide and
clindamycin) and systemic antimicrobials.>!*!"The use of antibacterial
soap (triclosan) and decolonization with mupirocin prevent
recurrence. In the presence of exuberant constitutive symptoms or
non-response to instituted therapy, causes of immunodeficiency
should be investigated.!

Ecthyma

The ecthyma is a deep and painful pyogenic skin infection caused
by Streptococcus pyogenes and Staphylococcus aureus, the first
being the most common.' It occurs mainly in the legs and buttocks, in
trauma regions, insect bites or abrasions, especially when there is poor
hygiene. or poor nutrition. Early erythematous-based pustules evolve
with ulceration and adherent crust formation, making the edge of the
lesion more pronounced (Figure 3).!%!! Fever and lymphadenopathy
may be associated. Resolution is relatively slow and scarring."!
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Figure 3 Erythema and edema, with poorly defined borders, around an
ulcerated lesion, located on the medial face of the lower limb. It is a case of

the ectima that complicated with cellulite.

a. Diagnosis: Clinical suspicion can be confirmed with Gram
culture and staining. It should be differentiated from anthrax and the
last gangrenous caused by Pseudomonas aeruginosa. Second-degree
cigarette burns in maltreated children may also have similar injuries."!

b. Treatment: Depending on the severity, the practitioner should
choose topical or systemic antibiotics (doxycycline or cephalexin).!!?
General measures such as warm compresses and local cleaning should
be adopted, and surgical debridement of the lesion may be necessary.
Progression to poststreptococcal glomerulonephritis or cellulitis
is rare."" Malnutrition and immunodeficiency conditions greatly
influence the course of disease.'

Cellulitis

Cellulitis is an acute infection of the dermis and subcutaneous
cellular tissue that presents soft, swollen, erythematous plaques, with
local heat and poorly defined edges (Figure 3), usually in sites of
unhealthy skin (surgical wounds, fungal infection and abrasions or
trauma).>!*!? The agent can still penetrate through a respiratory tract
infection, otitis media or sinusitis.

The most common etiological agents are Streptococcus pyogenes
and Staphylococcus aureus,>*!? although a violet coloration of the
lesion is highly suggestive of Haemophilus influenzae infection, the
mainagentin children under three years ofage.>!*!! Periorbital cellulitis
in patients under five years old are usually caused by Streptococcus
pneumoniae. In the case of newborns, the most common agents are
group B streptococci. In the face of a bite report, one should think
of Pasteurella multocida (cat and dog bite) or Eikenella corrodens
(human bite).>!

There are usually regional lymphadenopathy, fever, and other
constitutional ~ symptoms.>* Immunodeficiency and diabetes
mellitus are strongly associated predisposing factors and should be
investigated.'!

a. Diagnosis: In addition to the clinical picture, the presence of
leukocytosis is typical. Gram culture and staining are of little use and
are positive in only 25% of cases. Histological sections show intense
neutrophilic infiltrate extending from the dermis to subcutaneous
tissue. In cases of ocular involvement, computed tomography may be
used, and in patients younger than one year of age or with suspected
sepsis, lumbar puncture should be performed.*!! Differential diagnosis
includes erysipelas, deep vein thrombosis, thrombophlebitis, stasis
dermatitis, contact dermatitis, eosinophilic cellulitis, among others.
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b. Treatment: Systemic antibiotic therapy is always required,
and the choice is determined by the probable etiological agent and
the individual’s immune status. In very young children, second or
third generation cephalosporin, with or without aminoglycoside, is
recommended.?® Localized and extremity infections may be treated
on an outpatient basis, provided a 24-hour reassessment is warranted.
Cases of refractoriness or facial involvement require hospitalization
to administer intravenous antibiotics.!!

The prognosis of cellulite is favorable if diagnosed and treated early.
Otherwise, serious complications may occur, such as subcutaneous
abscess, necrotizing fasciitis, osteomyelitis, bacteremia, septic
arthritis, thrombophlebitis, and involvement of the eyes, heart valves,
and central nervous system.>'> Another important complication is
poststreptococcal glomerulonephritis.!! rare in the first month of life,
necrotizing fasciitis usually has a fatal course in 59% of patients. In
this case, surgical approach and parenteral antibiotic therapy should
be instituted immediately.

Erysipelas

Like cellulite, erysipelas is an acute infection of the dermis
and subcutaneous tissue, not uncommon in neonates and younger
children." What distinguishes these two entities is that in erysipelas
only the most superficial part of the subcutaneous tissue is affected,
and there is intense inflammation around lymphatic vessels.>!" The
most common agent is Streptococcus pyogenes, but Staphylococcus
aureus, Staphylococcus pneumoniae, and group B, C, D, and G
streptococci can also be isolated. Conditions that interfere with skin
integrity will allow bacteria to enter (ulcerations and insect bites),
LILI4 however, are not necessary conditions for their occurrence.”
Venous insufficiency, lymphatic obstruction, diabetes mellitus and
nephrotic syndrome should be investigated.!" In neonates, infection
can originate from the umbilical stump, spreading to the abdominal
wall and also to the external genitalia in those undergoing postectomy.

Unlike cellulite, erysipelas plaques are well defined and slightly
hardened, maintaining the other characteristics (erythema, pain and
local heat)."'!"" Vesicles, blisters and petechiae may be present. Skin
lesions are usually preceded by fever and malaise, similar to a viral
cold."3>!:4 Lower extremities and face are the most frequent sites of
involvement.

a. Diagnosis While bacterial culture and Gram staining are
not useful in cellulite, in erysipelas the material collected through
the supposed entryway can be subjected to analysis, corroborating
clinical suspicion. Left shift in leukogram is characteristic, although it
may also be normal, especially in immuno compromised patients.>!*
Anti-streptolysin O (ASLO) and anti-DNAse B antibodies may be
elevated. MRI scans and CT scans may be useful in suspecting deeper
infections.>!*

Histologically, a neutrophilic interstitial infiltrate with dermal
edema and dilation of lymphatic and capillary vessels may be
observed. Gram or Giemsa stains may reveal streptococci.'™* Latex
agglutination test for streptococcal antigens on biopsy specimens may
be positive."' Among the main diseases that may resemble the clinical
picture of erysipelas, the following may be mentioned: hives, contact
dermatitis and pharmacoderma.'!

b. Treatment The antibiotics of choice to treat erysipelas are
penicillin and cephalexin, and erythromycin or clarithromycin may be
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used in case of allergy. Reassessment after 48-72 hours of treatment
initiation should be ensured. In very young children hospitalization is
mandatory in the vast majority of cases.!"!'* In nosocomial infection,
or in the suspicion of methicillin-resistant S. aureus, vancomycin and
linezolid are valid alternatives.'

Although extremely questionable, a randomized double-blind
clinical trial demonstrated a faster improvement in patients receiving
anti-inflammatory drugs (steroid or otherwise) in conjunction with
antibiotic therapy.'* In about 20% of cases there is recurrence and
resolution often shows post inflammatory hyperpigmentation.'!
The mortality rate is less than one percent and complications are less
frequent than in cellulitis, but the professional should be aware for
the possibility of poststreptococcal renal and cardiac involvement. 14

Perianal streptococcal dermatitis

Perianal streptococcal dermatitis is a superficial infection caused
by Streptococcus pyogenes, predominantly affecting three to four
year-old male children and is very rare in newborns. More than 50%
of the cases are associated with pharyngotomidalitis and the previous
occurrence of impetigo may predispose to its development.'*!
Erythematous, bright, well-demarcated and pruritic plaques around
the anus are the typical lesions that may develop with perianals
fissures. Pain on defecation often leads to fecal retention."!

a. Diagnosis Diagnostic confirmation is provided by the growth
of Streptococcus pyogenes by swab harvesting from the anal region or
by positive latex agglutination test.'®!! Inflammatory bowel disease,
diaper area psoriasis and candidiasis are some of the differential
diagnoses that should be considered."!

b. Treatment Resolution can be achieved with the use of
systemic antibiotics (penicillin or cephalexin), usually without
sequelae. However, since recurrence is frequent, oral clindamycin
associated with topical mupirocin may be used."

Staphylococcal scalded skin syndrome

Staphylococcal scalded skin syndrome (SSSS) or Ritter’s disease is
caused by Staphylococcus aureus phagotype II (types 3A, 3B, 3C, 55
and 71), which colonizes the nasopharynx, conjunctiva, skin wounds,
umbilical cord and urinary tract."!' The epidermolytic toxins produced
by Staphylococcus aureus are hematogenously disseminated.! The
serine proteinase activity of these toxins leads to skin cleavage due
to their action on desmoglein-1, causing granular layer splitting and
generalized detachment of the superficial epidermis."!

The incidence peaks are in neonates and children up to five years
0ld."*!" SSSS occurs more frequently in newborns due to the lack
of antibodies against staphylococcal toxins and renal immaturity,
slowing down the clearance of these toxins. Initially, a fever,
malaise, irritability, and diffuse erythema with rapid progression
to erythroderma are observed, with more pronounced erythema in
the flexural and perioral regions. Subsequently, blisters form, with
subsequent diffuse exfoliation, perioral, perinasal and periocular
crusts, with underlying shiny erythema (Figure 4) (Figure 5).'%!
Cleft lip and fissures are common and the oral mucosa is spared.'
Fever, diarrhea and vomiting are common in neonates. Dehydration
and intensification of the toxemic condition may occur in case of
diagnostic and therapeutic delay.
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_
Figure 4 Exfoliation of flexural regions, perioral crusts, and erythema
underlying lesions in infant staphylococcal scalded skin syndrome.

b. Treatment In milder conditions, oral antibiotics are
sufficient. If the involvement is extensive and / or there are signs of
systemic involvement, parenteral administration of antibiotics should
be performed.! Skin cleansing with topical antibacterial agents,
mupirocin and silver sulfadiazine may be used to prevent secondary
infection.! Neonates with SSSS are elevated. risk for Gram-negative
septicemia, especially Pseudomonas aeruginosa.

The resolution occurs in about 14 days and without scars, except in
the occurrence of secondary infection. When much of the integument is
affected, hydroelectrolytic disturbance and loss of thermal regulation
may occur. Bacteremia, cellulitis, endocarditis, and pneumonia are
some of the most common complications.'®!" The mortality rate in
children is much lower than in adults (3% vs. 50%, respectively).!’
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Figure 5 Diffuse exfoliation and erythema, perioral and perinasal crust in
staphylococcal scalded skin syndrome in newborn.

a. Diagnosis Pathogen identification should be done with
culture of the primary source of infection (nasopharynx, conjunctiva
or umbilical cord), since bacteriological study of cutaneous lesion
material is negative. If these are positive, the isolated microorganism is
certainly causing secondary infection and not scalded skin syndrome.
Anatomopathological examination reveals subgranular intraepidermal
cleavage, which differentiates SSSS from toxic epidermal necrolysis
(NET), a pharmacoderma in which subepidermal cleavage occurs."!!

In addition to NET, which is the main differential diagnosis,
SSSS must also be differentiated from other bullous diseases (bullous
impetigo and bullous mastocytosis), scarlet fever, Kawasaki disease,
and toxic shock syndrome.!

Conclusion

Most bacterial skin and subcutaneous tissue infections are caused
by staphylococci and/or streptococci species. In most cases, antibiotic
therapy should be empirical, taking into account the local bacterial
resistance profile (Table 3).

Invading the epidermal barrier as little as possible, avoiding
contact with soap and not removing the caseous vertex are simple
and efficient measures to prevent these infections in newborns. In
patients under three years of age, attention should be paid to the need
for gram-negative coverage. Correcting environmental factors such as
poor hygiene should also be part of the treatment plan.

Table 3 Etiological agents and therapeutic options in bacterial skin and subcutaneous tissue infections

Type of Infection Etiological agents

Treatment

Mupirocin or topical fusidic acid

Impetigo Staphylococcus aureus s . .
petig phy Cephalexin (in case of extensive injury or risk factors)
Topical mupirocin, erythromycin, benzoyl peroxide or
clindamycin
Staphylococcus aureus camy . . - .
. Penicillin, cephalexin or clindamycin (in case of extensive
Malassezia furfur lesions)
Folliculitis Escherichia coli, Enterobacter sp., Klebsiella sp. and Proteus

sp.

Pseudomonas aeruginosa

Cleaning with antibacterial soaps (triclosan)

Decolonization with mupirocin (in case of recurrence)
Amoxicillin with clavulonate or sulfamethoxazole trimethoprim
(in case of P. aeruginosa)
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Table continue
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Type of Infection

Etiological agents

Treatment

Ecthyma

Cellulitis

Erysipelas

Perianal Streptococcal
Dermatitis

Staphylococcal scalded skin
syndrome

Streptococcus pyogenes
Staphylococcus aureus

Streptococcus pyogenes
Staphylococcus aureus

Haemophilus influenzae
Streptococcus pneumoniae

Group B Streptococci

Pasteurella multocida (cat/dog bites)
Eikenella corrodens (human bites)

Streptococcus pyogenes
Staphylococcus aureus
Staphylococcus pneumoniae
Group B,C,D and G Streptococci

Streptococcus pyogenes

and 71)

Staphylococcus aureus fagotipo Il (types 3A, 3B, 3C, 55

Topical Mupirocin
Doxycycline or cephalexin

Penicillin, Clindamycin or Cefazoline

Penicillin, cephalexin, clindamycin or cefazolin
Vancomycin or linezolid (methicillin-resistant S. aureus)

Penicillin or cephalexin
Oral clindamycin associated with topical mupirocin (in case
recurrence)

Cloxacillin and gentamicin, or clindamycin and cefotaxime
Cleansing the skin with antibacterial agents
Topical silver mupirocin and sulfadiazine
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