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Introduction

Burn injuries are the 3rd leading cause of death resulting
from trauma in children, following road traffic accidents and
drowning.1 These injuries produce extensive skin barrier dis-
ruption, which creates novel sites for bacterial colonization2
and contributes to an immunosuppressive state, making the
burn patients vulnerable to infectious complications.3 More-
over, the dramatic increase of gut permeability with distur-
bance of the intestinal flora and translocation of the
microorganisms and/or their products from gastrointestinal
tract to extra-intestinal sites seems to contribute to systemic
sepsis and associated multiple organ failure after severe burns.4

Various treatment modalities were investigated to prevent
the occurrence of bacterial translocation and enhance immune
function after thermal injury.5 Administration of an enteral diet
enriched with immunomodulatory compounds, such as gluta-
mine and omega-3 fatty acids, has been shown to reduce
wound infection rates and length of hospital stay in critically
ill patients.6,7 One such treatment involves a per os supplement
of probiotics. Probiotics are defined according to the World
Health Organization (WHO) as “live micro-organisms which,
when administered in adequate amounts, confer a health ben-
efit on the host”.8 Major strains of probiotics include Lacto-
bacillus and Bifidobacterium species.2

These bacteria can maintain gut equilibrium and prevent
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bacterial translocation by several mechanisms, including: i.
maintenance of the gut barrier function; ii. protection of the
sites of bacterial invasion from colonization by pathogenic
agents; iii. competition with pathogenic micro-organisms for
nutritional requirements; iv. increase of intestinal acidity, motil-
ity and mucin; v. inhibition of the growth of pathogenic bacte-
ria through production of organic acids and bacteriocin-like
substances.9 Lactic acid bacteria (LAB) were reported to have
a direct stimulatory effect on the cells of the innate immune
system that exert adjuvant activity at the intestinal mucosal sur-
face and improve phagocytosis by increasing the proportion of
natural killer (NK) cells, macrophages and lymphocytes.10

Oral probiotic administration has been advocated for the
treatment and prevention of a diverse range of disorders, such
as antibiotic-associated diarrhea, acute infantile diarrhea,
necrotizing entercolitis in preterm infants and inflammatory
bowel disease (IBD).11 Moreover, a benefit was shown after
liver transplantation, acute pancreatitis and major abdominal
surgery.12 Augmentation of the gut barrier with the use of pro-
biotics has been observed in burn rat models.4,9,13 Nevertheless,
the probiotic effect has not been thoroughly examined in the
clinical burn setting. Therefore, this study was undertaken to
evaluate the effect of probiotic supplementation on the out-
come of pediatric patients after thermal burn.

Materials and methods

This prospective study included 40 thermally-injured pe-
diatric patients, of both sexes, aged between 1-14 years, who
were admitted to the Burn Unit of the Plastic Surgery Depart-
ment, Tanta University Hospital between May 2014 and May
2016, with acute burns affecting 20-50% of total body surface
area (TBSA), including deep areas between 5 and 10% of
TBSA. Patients admitted after the first 24 hours following their
injury, those with previous or current gastrointestinal diseases,
or with chronic diseases such as diabetes, as well as those with
burns of the upper respiratory tract or inhalation injury, were
excluded from the study. 

After approval from the University Ethical Committee and
upon completion of informed consent by the patients’ parents
or their relatives, all subjects underwent detailed clinical eval-
uation as well as immediate resuscitation according to the Park-
land formula. Early enteral feeding was adapted by us, with a
caloric goal of 35 kcal/kg/day and 20% of the calories were
given as protein; the feeding regimen contained no fibre or fer-
mented foodstuffs. All burn wounds were dressed daily with
topical silver sulphadiazine (SSD) cream, which was covered
with low adherent dressing and tubular net bandage over the
dressing for support. After two weeks, the wounds were re-
evaluated and those with early signs of healing, including
macroscopic epithelialization, advancing margin, decreased
bleeding and exudates and less pain continued to be dressed
(Fig. 1) and the others were prepared for grafting (Fig. 2).

All patients were randomly distributed into two equal
groups according to sequence of hospital admission: the pro-
biotic group (n=20) received probiotic preparation twice daily
(Lacteol Forte; Rameda, Egypt) as sachets containing powder
with 10 billion colony forming units (CFU) of Lactobacillus
fermentum and Lactobacillus delbruekii. The formulas were
disintegrated in 50 mL of fresh water, and the 20 patients in
the control group received starch as the formulation.

Clinical outcomes, including gastrointestinal tract toler-

ance (incidence of vomiting, flatulence, diarrhea and constipa-
tion), incidence of infection (burn-related or systemic sepsis),
need for grafting, length of hospital stay and mortality were
recorded and compared between the groups. Wound and blood
cultures were obtained based on clinical judgment. Laboratory
monitoring of serum C-reactive protein, serum albumin, serum
IgA and total lymphocyte count were carried out on admission
and on days 4, 7 and 14 afterwards.

The data gathered for statistical analysis were presented as
means and standard error of the means. Chi-square test and
Student’s t-test were used for comparative analysis. The level
of statistical significance was set at a P value of <0.05. A sta-
tistical trend was distinguished as a p≤ 0.30.

Results

In terms of demographics, no differences were noted be-
tween the treatment and control groups. As shown in Table I,
both groups were similar in age, sex, type of burns, total burn
size and burn depth. 

Fig. 1 - A 5-year-old male with scald burn affecting 40% TBSA, including
deep areas 6%. (A) 2nd post-burn day. (B) 14th post-burn day showing
macroscopic epithelialization and advancing margin. (C) 22nd post-burn
day showing complete burn wound healing.

Fig. 2 - A 2.5-year-old male with scald burn affecting 34% TBSA, includ-
ing deep areas 8%. (A) 3rd post-burn day. (B) 18th post-burn day showing
hypertrophic granulation tissue. (C) 24th post-burn day showing complete
graft take.

Variable Probiotic Control p
group (n=20) group (n=20) Value

Age (yrs) 3.67 ± 0.67 3.56 ± 0.73 NS
Gender (M:F) 14:6 12:8 NS

Type of burn (n. %) NS
Scald 16 (80%) 15 (75%)
Flame 3 (15%) 5 (25%)

Contact 1 (5%) 0 (0%)
TBSA burn (%) 34.5 ± 1.96 33.9 ± 1.82 NS
Deep burns (%) 6.95 ± 0.34 7.25 ± 0.39 NS

Table I - Demographic data (Mean ± SEM)
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As regards clinical evaluation, frequency of vomiting and
constipation was similar between the two groups; however, a
significant increase in the frequency of flatulence (p= 0.006)
and a significant decrease in the frequency of diarrhea
(p=0.038) were observed in the probiotic group. Furthermore,
a trend towards diminished incidence of infections and the
number of positive blood and swab cultures was noted in the
probiotic group compared to the control group (p=0.113,
p=0.102 and p=0.091 respectively). There was improvement
in overall wound healing in the probiotic group as evidenced
by the significant decrease in the need for grafting in this group
(p= 0.028). There was complete graft take in the probiotic
group compared to partial graft loss in one case in the control
group (Fig. 3). Moreover, when grafting was not done, there
was a significant decrease in the time needed for complete burn
wound healing in the probiotic group (16.5 ± 0.23 days versus
20.7 ± 0.51 days) (p=0.048) and the outcomes were satisfactory
in all patients except in 3 cases in the probiotic group and 2

cases in the control group that developed hypertrophic scars
and were treated conservatively with pressure garments.
Length of hospital stay was significantly lower in the probiotic
group compared to the control group (p=0.044), as shown in
Table II. Importantly, there was no mortality in our series. 

Table III shows that none of the measured laboratory vari-
ables differed at admission and at days 4 and 7 post-admission.
At day 14 post-admission, serum albumin levels were similar
in both groups, serum C-reactive protein (CRP) decreased sig-
nificantly in the probiotic group (p=0.032), serum IgA in-
creased significantly in the probiotic group (p=0.033) and a
trend towards an increase in total lymphocyte counts was ob-
served in the treatment group (p= 0.076). 

Discussion

Multiple studies have evaluated probiotic consumption in
humans and concluded that probiotics are safe and can confer
health benefits, such as disease treatment and prevention; how-
ever, there is a lack of evidence regarding the benefits of pro-
biotics for patients with critical illness, such as burns. In our
study, we aimed to evaluate the effect of probiotic supplemen-
tation on the outcome of pediatric patients after thermal burn.

Forty acutely-burned pediatric patients were included in
this study. Subjects were randomly allocated into two equal
groups. Demographically, there was no significant difference
between the two groups, but we noticed that scalds were the
most frequent type of pediatric burn and that males under the
age of two were most likely to be scalded. This could be at-
tributed to their limited motor and cognitive development at
this age. Our findings are consistent with other studies.14,15

We adopted the enteral route of feeding, which is recom-
mended by Rousseau et al.16 for burn patients as it decreases
the acute phase response (APR), enhances gut barrier function
and reduces the incidence of septic complications. 

Fig. 3 - Grafting phase outcome.

Variable At admission 4th PAD 7th PAD 14th PAD
Probiotic Control Probiotic Control Probiotic Control Probiotic Control

Alb (gm/dl) 3.62±0.06 3.7±0.07 3.01±0.06 3.03±0.05 2.5±0.06 2.42±0.07 3.4±0.05 3.32±0.06
CRP (mg/l) 22.7±1.52 23.1±1.82 42.8±1.79 45.1±1.93 38.3±3.58 43.5±3.46 14.3±1.28 19.2±1.79a

IgA (mg/dl) 57.65±4.65 58.3±5.59 43.15±3.54 44.5±4.04 60.8±4.23 57.9±4.26 98.3±4.89 84.15±4.11b

TLC (cell/mm3) 1926±70 2005±84 1688±76 1736±90 2075±86 2053±92 2630±89 2407±83c

Alb = albumin     CRP = C-reactive protein     TLC = total lymphocyte count
a: p = 0.032     b: p = 0.033     c: p = NS ( 0.076)

Table III - Laboratory data

Variable Probiotic group (n=20) Control group (n=20) p Value
GI tolerance (n. %)

Vomiting 2 (10%) 3 (15%) NS
Flatulence 10 (50%) 2 (10%) 0.006
Diarrhea 3 (15%) 9 (45%) 0.038

Constipation 2 (10%) 1 (5%) NS
Incidence of infections (n. %) 7 (35%) 12 (60%) NS (0.113)
+ve blood cultures (n. %) 5 (25%) 10 (50%) NS (0.102)
+ve wound cultures (n. %) 4 (20%) 9 (45%) NS (0.091)
Need for grafting (n. %) 2(10%) 8 (40%) 0.028

Length of hospital stay a (days) 17.25 ± 0.497 21.9 ± 2.178 0.044
Mortality (n. %) 0 (0%) 0 (0%) NS

a: Mean± SEM

Table II - Outcome data
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This study demonstrated a significant increase in the fre-
quency of flatulence in the probiotic group (P= 0.006), which
was expected as the package insert warns of more flatulence
during the early days of treatment. Importantly, we observed
that the frequency of diarrhea decreased significantly in the
probiotic group (p =0.038), which is consistent with the results
of Schlotterer et al.,17 who studied the effect of oral probiotics
on burn patients, and Frohmader et al.,18 who described the ef-
fectiveness of probiotics in reducing liquid stool frequency in
critically ill patients. Similar benefits of probiotic therapy were
reported in a meta-analysis that evaluated 25 randomized con-
trolled trials and concluded that probiotics can reduce the fre-
quency of diarrhea and the incidence of Colostridium difficile
infection associated with antibiotic use.19 However, another re-
cent report on the impact of probiotics in critically ill patients
showed they had no effect on incidence of diarrhea.20 One hy-
pothesis for this could be that probiotic effect depends on the
type of strain and the site of action; for example, strains acting
primarily at the small intestine confer different effects than
those which act primarily on the large intestine, with the great-
est impact on diarrhea expected to occur from the colonic
strains.

In our study, there was a trend towards a reduction in the
incidence of infections in the probiotic group (p=0.113) and
there was no mortality in either group. Our data confirmed the
findings of Morrow et al.21 who evaluated the use of probiotics
in ICU patients, and Kotzampassi et al.,22 who investigated the
effect of synbiotics on post-traumatic critically ill patients.
They found that there was a significant reduction in rate of in-
fection, incidence of ventilator associated pneumonia (VAP)
and mortality. In another study Jebur et al.2 found that Lacto-
bacillus acidophilus at a concentration of 1×108 cells/ml (in
vitro) can inhibit the growth of all gram +ve and gram –ve
pathogenic bacteria that can infect burn wounds. 

Contrary to our results, Koren et al.23 in a retrospective co-
hort study to evaluate the effect of Lactobacillus supplements
on sepsis in acute burn patients found that morbidity parame-
ters were higher in the probiotic group; however, mortality was
lower. This inverse trend could be attributed to the fact that the
control group had a higher mortality rate, with fewer patients
surviving long enough to develop septic complications. Also,
Olguin et al.24 reported that prebiotic ingestion had no effect
on the incidence of burn wound infection and on gut barrier
function. This lack of effect could be explained by the use of
large doses of antibiotics that inhibit the growth of probiotics,
even after stimulation with prebiotics. Therefore, supplements
of probiotics or synbiotics may be an ideal solution for these
patients.

We noticed that there was a significant decrease in need
for grafting and duration of hospital stay in the probiotic group
compared to the control group (p=0.028 and p=0.044 respec-
tively). Similar to our study and findings, Mayes et al.25 exam-
ined the safety and efficacy of probiotics in pediatric post-burn
patients. They observed that there was a trend toward lower re-

quirement for graft procedures in the treatment group, and
wound length of stay was shortened with probiotics. In an ex-
perimental study, Valdez et al.26 tested the activity of Lacto-
bacillus plantarum on burn wounds infected with Pseudomonas
aeruginosa and noted that there was an improvement in the
wound repair process and enhancement of phagocytosis of
Pseudomonas aeruginosa by the tissue phagocytes at 10 days.
Also Rahimzadeh et al.27 recorded enhancement of the burn
wound healing process after using probiotic gel.

In this study, there was a significant decrease in serum C-
reactive protein (CRP) at day 14 post-admission in the probi-
otic group (p=0.032). This finding is similar to Lu et al.28 who
studied the effect of early enteral feeding supplemented with
synbiotics in severely burned patients, and Sanaie et al.29 who
evaluated the effect of probiotics on inflammatory markers in
ICU patients. They concluded that probiotics can possibly re-
duce inflammation and inflammatory stress response by de-
creasing the release of pro-inflammatory cytokines. Unlike our
results, McNaught et al.30 found no significant difference in
CRP levels, septic morbidity or days in the ICU.

Our study witnessed a significant rise in serum IgA and a
trend towards increased total lymphocyte counts at day 14 post
admission in the probiotic group (p=0.033 and p=0.076 respec-
tively). Our data are consistent with those of Alberda et al.31
who studied the effect of synbiotics on ICU patients and
demonstrated a significant rise in IgA levels in the treatment
group. They are also consistent with the findings of Wang et
al.13 and Zhang et al.,32 who found that probiotics enhance the
expression and the excretion of secretory IgA from the intes-
tinal mucosa after burn. In another study Tahir et al.33 noticed
that probiotics can improve systemic immune functions and
provide healthy granulation tissues for better graft survival, in
spite of the insignificant difference in septic complications be-
tween both groups.

Petrof et al.34 performed a meta-analysis of 23 randomized
controlled trials of probiotics in critically ill patients. Fifteen
were ICU patients, 4 had acute pancreatitis, 1 was a poly-trau-
matized patient, 1 had a head injury and 2 were burn patients.
They concluded that probiotics can reduce overall infection
rates, including ventilator associated pneumonia (VAP), and
may affect ICU mortality. However, clinical heterogeneity pre-
clude strong clinical recommendations, and further research is
needed to determine if some strains and/or doses may have a
better effect than others.

Conclusion

We can conclude that probiotic administration is safe to
use in pediatric post burn patients. Probiotics can effectively
enhance immune function, protect GIT mucosal integrity, im-
prove wound healing and reduce length of hospital stay. How-
ever, their effects on infectious morbidity and mortality remain
unclear and require further investigations and larger clinical
trials to better understand the efficacy of probiotics.
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