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Introduction: Rosacea is a chronic inflammatory skin disorder distinguished by recurrent episodes 
of inflammatory papules, persistent erythema, facial flushing, pustules, and telangiectasia. Any distur-
bance in the gut microbiome could influence the immune system equilibrium in rosacea by releasing 
zonulin, leading to increased intestinal permeability and the passage of many microbes into the circu-
lation, causing inflammation.

Objectives: We aimed to estimate the serum zonulin levels in cases with rosacea compared with 
healthy controls. Some fecal bacteria were investigated in an attempt to find a relationship between 
gut microbiome and rosacea.

Methods: This case-control study was performed on 42 participants aged above 18 years: 21 patients 
with a clinical diagnosis of rosacea approved by dermoscopy and 21 healthy individuals as controls. 
The serum zonulin level was estimated by the enzyme-linked immunosorbent assay technique, and 
some gut microbiomes were investigated using real-time quantitative PCR.

Results: There was a statistically significantly higher serum zonulin level in rosacea cases than in con-
trols. There was a statistically significant elevation in Bacteroides and Lactobacillus gut microbiomes in 
rosacea patients compared to controls, while there was no statistically significant increase in Fusobacte-
rium microbiome in patients. Zonulin levels did not show a significant correlation with gut microbiome.

Conclusions: Serum zonulin measurement can be used as a discriminating marker between rosacea 
and healthy controls, due to getting a specific cut-off point in ROC analysis with the highest specificity 
and sensitivity (100% and 100%, respectively). Gut microbial dysbiosis could play a valuable role in 
the disease pathogenesis.

ABSTRACT
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Introduction

Rosacea is a chronic inflammatory skin disease that affects 

2–10% of the general population. It displays erythema, 

edema, flushing, telangiectasia, papules, pustules, ocular le-

sions, and phymatous changes that progress in the centrofa-

cial region alone or in combination [1]. Rosacea is clinically 

categorized into four subtypes: (1) papulopustular, (2) ery-

thematotelangiectatic, (3) phymatous, and (4) ocular rosa-

cea [2]. In patients with rosacea, there are numerous flare 

triggers, such as exercise, hot and cold temperatures, ultra-

violet radiation, spicy foods, and alcohol [3]. These factors 

can increase the susceptibility of patients to skin disorders by 

disrupting immune function or altering the skin’s epidermal 

barrier function [4]. Rosacea appears to be the result of the 

innate and adaptive immune systems’ dysregulation as well 

as of neurovascular dysfunction, skin barrier dysfunction, 

microbial dysbiosis, sebaceous gland dysfunction, metabolic 

dysfunction, and genetic predisposition [5]. The protein 

zonulin was initially identified as an endogenous bacterial 

enterotoxin human analogue, zonula occludens toxin (Zot), 

which is produced by the intestinal bacterium Vibrio chol-

erae [6]. Zonulin is a critical regulator of tight junctions in 

intestinal epithelial cells, as it reversibly opens the intercellu-

lar tight junctions in the small intestine. It operates through 

PAR2, which results in the tight junction proteins and the ac-

tin filaments, subsequently increasing intestinal permeability 

[7]. This allows passage of macromolecular proteins, toxins, 

microorganisms, and inappropriate antigens into systemic 

circulation across the mucosa, initiating an innate immune 

response. When the process persists, an adaptive immune 

response begins, producing pro-inflammatory cytokine. [8]. 

This process further facilitates the passage of antigens by 

opening the paracellular pathway, thereby establishing a vi-

cious cycle. The consequence is the breakdown of immune 

tolerance and chronic inflammation [8]. Luminal zonulin 

release is induced by either gliadin exposure or microbiome 

imbalance [9]. The barrier endothelial and epithelial layers 

function in the intestine can be preserved by inhibiting the 

zonulin pathway with zonulin antagonists (larazotide ace-

tate), epidermal growth factor receptors (EGFR) inhibitors, 

or PAR2 modulators [10]. A previous study revealed a sig-

nificant increase in serum zonulin levels in rosacea patients 

compared to healthy controls [11]. The link between gut mi-

crobiome and rosacea has been reported [12].

The human microbiome is a diverse collection of mi-

croorganisms, including bacteria, that are both internal and 

external to the human body. Intestinal flora is one of the hu-

man microbiota ecosystems that has a significant impact on 

our health [13]. An inflammatory response may be initiated 

by any quantitative or qualitative alterations to the intesti-

nal microbiomes, which may be followed by autoimmune 

processes or tissue damage [14]. These modifications, which 

encompass a variety of dietary components, illnesses, life-

styles, prebiotics, probiotics, antibiotics, and novel biologic 

medications, have the potential to modify gut microbial 

communities. These modifications can result in dysbiosis, 

which can further reduce the gut mucus layer integrity, al-

low microbes to pass through the intestinal barrier, induce 

harmful effects by neurotransmitters of the gut microbes or 

the host, produce toxic products, produce B cell hyperres-

ponsiveness, impair T cell differentiation, and create low IgA 

secretion levels [15]. In the process of passing through the 

circulatory system, all these substances transform the state 

of the skin from healthy to dysbiotic [15].

Objectives

The present study aimed to estimate the serum zonulin level 

in patients with rosacea compared with healthy controls. 

In addition, some fecal bacteria were investigated and cor-

related with the disease severity in an attempt to find a rela-

tionship between rosacea and gut microbiome.

Methods

This case-control research was carried out on a total of 42 

individuals: 21 rosacea cases and 21 healthy sex- and age-

matched individuals. They were randomly chosen from 

the Dermatology Outpatient Clinic in AL Zahraa Univer-

sity Hospital and Damanhour Medical National Institute 

during the period from February 2021 to December 2022. 

The Ethics Committee of the Faculty of Medicine for Girls 

at Al-Azhar University, Egypt, approved this research. IRB 

(202102652).

The sample size was determined using the Epi-Info statis-

tical application developed by the World Health Organiza-

tion and the Centers for Disease Control and Prevention in 

Atlanta, Georgia, USA, in 2002. The study’s power was cal-

culated at 84%, with a 5% accepted error and a 95% confi-

dence limit. The annual influx into the hospital ranged from 

30 to 50 cases. Accordingly, the minimum estimated sample 

size constituted 21 cases and 21 healthy controls. Patients of 

both sexes aged above 18 years with any subtype of rosacea 

were involved in the research. Exclusion criteria included pa-

tients with systemic diseases or autoimmune diseases known 

to affect levels of zonulin, for example (type 1 diabetes, co-

eliac disease, rheumatoid arthritis, multiple sclerosis, auto-

immune goiter, and inflammatory bowel disease), patients 

who were taking antibiotics, including tetracycline and pro-

biotics, within six weeks before the study that might have 

influenced the gut environment, use of antibiotics within 

four weeks before the study in the control group, patients 

who were undergoing radiotherapy and chemotherapy, and 
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patients with dermatological diseases, for example, psoriasis, 

lichen planus, and atopic dermatitis.

Clinical Assessment

A general and dermatological examination was performed 

on each patient to rule out the presence of any additional 

systemic or related dermatologic conditions. We used metric 

units to measure the body mass index (BMI). The presence 

of either one of the diagnostic phenotypes, including phyma-

tous changes or centrofacial persistent erythema in a char-

acteristic pattern that could periodically intensify was the 

basis for a diagnosis of rosacea [16]. In the absence of these 

features, the diagnosis was established by the presence of any 

two of the following major features–telangiectasia, flushing/

transient erythema, papules, or pustules–and the following 

ocular manifestations: lid margin telangiectasia, interpalpe-

bral conjunctival injection, spade-shaped infiltrates in the 

cornea, scleritis, and sclerokeratitis [16, 17], in accordance 

with the recommendations of the global ROSacea COnsen-

sus (ROSCO) panel [16]. Dermoscopic examination was 

done by using a DermLite (DL4W) polarized dermatoscope 

to confirm the diagnosis of rosacea. The diagnostic patterns 

of rosacea included orange-yellow colored areas, polygonal 

blood vessels, a pinkish background, superficial white scales, 

vellus hair, follicular plugs, pustules, perifollicular white col-

oration, follicular yellow clods, and sebaceous hyperplasia 

(Figure 1). Some clinical and dermoscopic photos of our 

patients with different subtypes of rosacea are illustrated in 

Figure 2.	

Laboratory Assessment

Serum zonulin level measurement: 10 ml of blood was col-

lected from all participant groups after 12 hours of fasting 

and deposited in gel vacuum biochemistry tubes. The serum 

was separated by centrifugation at 3,000 rpm for 20 minutes 

after coagulation for 10–20 minutes. The serum that was 

separated was maintained at –80° C until it was analyzed. 

A double-antibody sandwich enzyme-linked immunosorbent 

assay (ELISA) reagent (Shanghai Sunred Biological Technol-

ogy Company) was employed to conduct the zonulin test. 

The kit’s measurement range was 0.25-70ng/ml.

Measurement of the Gut Microbiome: We collected the 

stool specimen 24 hours prior to the sampling visit. Speci-

mens were transported to the laboratory using cooler bags 

and stored at –20°C until analysis. Real-time quantitative 

polymerase chain reaction (qPCR) was conducted using 

specific primers targeting the following bacterial taxa: Bac-

teroides (Gram-negative, non-spore-forming bacteria in the 

phylum Bacteroidetes), Lactobacillales (Gram-positive, non-

spore-forming bacteria in the phylum Firmicutes), and Fuso-

bacterium (anaerobic, Gram-negative bacteria in the phylum 

Fusobacteria). Briefly, DNA was extracted from stool sam-

ples using the QIAamp® Fast DNA Stool Mini Kit Proto-

col according to the manufacturer’s instructions. Real-time 

qPCR experiments were performed with the Step One Plus 

Applied Biosystems using the FastStart DNA Master SYBR 

Green kit (Roche Diagnostics, Indianapolis, IN). The ther-

mal cycling conditions used were as follows: an initial DNA 

denaturation step at 95° C for 10 minutes, followed by 45 

cycles of denaturation at 95° C for 10 s, primer annealing at 

optimal temperature for 20 s, and extension at 72° C for 15 s.  

Finally, the bacterial concentration from each fecal sample 

was calculated by comparing the Ct values obtained from 

the standard curves with Applied Biosystems software. Stan-

dard curves were constructed for each experiment using se-

rial tenfold dilutions of bacterial genomic DNA (of known 

concentration) from pure cultures, corresponding to 1X106 

to 1X 107 16S rRNA gene copies/gram of feces. Standard 

curves were normalized to the copy number of the 16S 

rRNA gene for each.

Statistical Analysis

The Statistical Program for Social Science (SPSS version 

24.0) was employed to analyze the data. The mean±standard 

Figure 1. Dermoscopic findings of the rosacea group.
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deviation (SD) was utilized to represent the parametric quan-

titative data. Median and interquartile range (IQR) were uti-

lized to represent the non-parametric data. Frequency and 

percentage were the metrics employed to represent qualitative 

data. When comparing two means, an independent-samples 

t-test of significance was employed. When contrasting more 

than two means, a one-way analysis of variance (ANOVA) 

was employed. For multiple comparisons among various 

variables, the post hoc test was used. To contrast the pro-

portions of two qualitative parameters, the chi-squared (χ2) 

test of significance was used. The data was correlated using 

Pearson’s correlation coefficient (r) test.

To determine the best cut-off point for this marker, 

we calculated its positive predictive value (PPV), sensi-

tivity, specificity, negative predictive value (NPV), and 

area under the curve (AUC) utilizing a receiver operating 

Figure 2. Clinical and dermoscopic photos of patients with different subtypes of rosa-

cea. A. 39-year-old female patient, BMI=27.7 kg/m2 with moderate erythematotelangi-

ectatic rosacea as of one year affecting both cheeks, chin, and nose (telangiectasia score 

2, erythema score 2); B. Dermoscopic photo showing polygonal blood vessels with 

pinkish background. C. 55-year-old female patient, BMI=29 kg/m2 with moderate 

papulopustular rosacea as of two months affecting both cheeks and nose (inflamma-

tory score 2, telangiectasia score 2) (erythema score is 1); D. Dermoscopic photo show-

ing follicular pustules with orange-colored areas and linear vessels forming incomplete 

polygons. E: 55-year-old male patient, BMI=29.6 kg/m2 with rhinophyma as of one 

year; F: Dermoscopic image showing sebaceous hyperplasia characterized by follicular 

yellow clods (black arrow).
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Table 1. Demographic Data of All Participants and Clinical Characteristics of Rosacea Patients.

Variables
Cases 

(N=21)
Controls 
(N=21) Test P-Value

Age (year) Range 19 – 58 25 – 50
t: 1.055 0.298

Mean ± SD 39.52 ± 10.73 36.57±7.03

BMI Range 22 – 34.4 22.7 – 33.3
t : 0.078 0.939

Mean ± SD 27.45 ± 3.29 27.52±3.07

Sex Male N 3 3

X2:0.0 1.0
% 14.3% 14.3%

Female N 18 18

% 85.7% 85.7%

Occupation Non worker N 17 18

X2: 0.171 0.679
% 81.0% 85.7%

Worker N 4 3

% 19.0% 14.3%

Residence Urban N 7 6

X2: 0.111 0.739
% 33.3% 28.6%

Rural N 14 15

% 66.7% 71.4%

Clinical data N %

Subtype of rosacea Erythematotelangiectatic 14 66.7

Papulopustular   5 23.8

Rhinophyma   2   9.5

Degree of severity Mild   4 19.0

Moderate 12 57.1

Severe   5 23.8

Bowel habits Normal 19 90.5

Diarrhea   1   4.8

Constipation   1 4.8 

Food habits Not increased   6 28.6

Increased with spicy   8 38.1

Increased with hot liquid   5 23.8

Increased with both   2   9.5

Duration Range 1 – 72 m

Median 12 m

Data are presented as mean ± SD, or number (%), t: student test, χ2: Chi-square test, BMI = body mass index; SD = standard deviation.

characteristic (ROC) curve. A 95% confidence level was 

used, and a 5% tolerance for error was allowed. Assuming 

a significance level of P < 0.05, the results indicated statis-

tical significance.

Results

Both groups were age- and sex-matched. The age differed 

insignificantly between both groups, ranging from 18 to 

58 years (mean ± SD = 39.52 ± 10.73 years for the rosacea 

group and 36.57 ± 7.03 years for the control group; P = 

0.298). Rosacea duration ranged from 1 to 72 months (me-

dian=12 months). The demographic data of all participants 

and rosacea patients’ clinical characteristics were determined 

in Table 1.

The patient group had a significantly greater zonulin 

level compared to the control group (P=0.001) (mean ± SD = 

33.71 ± 10.77 ng/ml for the rosacea group and 10.59 ± 2.17 

ng/ml for the control group). The zonulin ROC curve in ro-

sacea patients at a cut-off point >16.25 ng/ml demonstrated 

100% specificity and 100% sensitivity of zonulin (Tables 

2–3; Figure 3).
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Figure 3. ROC curve for serum zonulin to predict cases versus controls.

Table 2. Zonulin Level Comparison in Rosacea Cases and Controls.

Cases 
(N=21)

Controls 
(N=21) t. P-Value

Serum zonulin (ng/ml) Range 17.3 – 49.2 7.5 – 15.2 9.650 0.001*

Mean±SD 33.71 ± 10.77 10.59 ± 2.17

Data are presented as mean ± SD. P<0.05 statistically significant. P≥0.05 statistically not significant. Abbreviations: SD: standard deviation; 
t: Student t test.

Table 3. ROC Analysis of Serum Zonulin Showing AUC, Best Cut-off Point, Sensitivity,  
and Specificity for Zonulin to Predict Cases vs. Controls.

Cut-off Point Sensitivity % Specificity % PPV NPV AUC P-Value 95% CI

16.25 (ng/ml) 100 100 100 100 1.000 <0.001 1.000 1.000

Abbreviations: AUC: area under the curve; CI: confidence Interval; NPV: negative predictive value; PPV: positive predictive value;  
ROC: receiver operating curve.

Zonulin levels did not show a significant correlation with 

the age of the patient, BMI, duration of disease, or gut micro-

biomes (Bacteroides, Lactobacillus, and Fusobacterium), nor 

a significant relation with sex, occupation, residency, sub-

types of rosacea, degree of severity, or food habits in the ro-

sacea group. The rosacea group had a significant increase in 

Bacteroides and Lactobacillus gut microbiomes compared to 

controls (mean ± SD =8.49± 0.58 for Bacteroides in the ro-

sacea group and 8.14 ± 0.46 for the control group, P=0.041), 

(mean ± SD =11.21 ± 1.20 for Lactobacillus in the rosacea 

group and 9.89 ± 0.52 for the control group, P=0.001). In 

contrast, Fusobacterium did not show a significant difference 

between rosacea group and controls (P= 0.842) (Table 4).

Bacteroides and Fusobacterium gut microbiomes showed 

statistically significant relations with subtypes of rosacea, 

while Lactobacillus showed no significant relation with sub-

types of rosacea. The strongest significant relation was found 

between papulopustular and rhinophyma subtypes regard-

ing Bacteroides and Fusobacterium (P=0.007 and P=0.004, 

respectively). A less significant relation was detected between 

erythematotelangiectatic and rhinophyma subtypes regard-

ing Bacteroides (P=0.022), with a less significant relation be-

tween erythematotelangiectatic and papulopustular subtypes 

regarding Fusobacterium (P=0.015) (Tables 5–6).

Lactobacillus gut microbiome showed a significant re-

lation with degree of severity, with the highest significant 

relation found in patients with mild and moderate disease 

(P=0.014) (Table 7), while there was no statistically signifi-

cant relation between Fusobacterium or Bacteroides gut mi-

crobiomes and degree of severity in rosacea patients.

Discussion

This study detected a statistically significant higher serum 

zonulin level in rosacea cases than in controls. Our finding 

confirms the results of a previous study done by Yüksel and 

Ülfer [11], who revealed a significant elevation in serum zonu-

lin levels in rosacea patients compared to healthy controls. 
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Table 4. Comparison Between Rosacea Cases and Controls Regarding Gut Microbiomes  
(Bacteroid, Lactobacillus, and Fusobacterium).

Variables Cases (N=21) Controls (N=21) t. P-value

Bacteroide Range 7.2 – 9.5 7.3 – 8.9 2.108 0.041*

Mean ± SD 8.49 ± 0.58 8.14 ± 0.46

Lactobacillus Range 9.1 – 12.9 9.08 – 10.8 4.645 0.001*

Mean ± SD 11.21 ± 1.20 9.89 ± 0.52

Fusobacterium Range 5.1 – 8.02 5.1 – 7.9 0.200 0.842

Mean ± SD 6.41 ± 1.00 6.34 ± 1.08

Data are presented as mean ± SD. P<0.05 statistically significant. P≥0.05 statistically not significant. Abbreviations: SD: standard deviation; 
t: Student t test.

Table 5. Relationship Between Bacteroid Gut Microbiome and Subtypes  
of Rosacea in the Case Group.

Bacteroide

Subtype of rosacea

Erythematotelangiectatic Papulopustular Rhinophyma

Range 7.5 – 9.06 8.01 – 9.5 7.2 – 7.9

Mean ± SD 8.50 ± 0.42 8.82 ± 0.71 7.55 ± 0.49

F. test 4.617

P-Value 0.024*

Erythematotelangiectatic and 
papulopustular

Erythematotelangiectatic and rhinophyma Papulopustular and rhinophyma

0.232 0.022* 0.007*

Data are presented as mean ± SD. P<0.05 statistically significant. P≥0.05 statistically not significant. Abbreviations: F: ANOVA test;  
SD: standard deviation.

Table 6. Relationship Between Fusobacterium Gut Microbiome and Subtypes of Rosacea  
in the Rosacea Group. 

Fusobacterium

Subtype of Rosacea

Erythematotelangiectatic Papulopustular Rhinophyma

Range 5.1 – 7.9 5.2 – 5.8 7.3 – 8.02

Mean ± SD 6.57 ± 0.93 5.44 ± 0.23 7.66 ± 0.51

F. test 6.254

P-value 0.009*

Erythematotelangiectatic and 
papulopustular

Erythematotelangiectatic and 
rhinophyma

Papulopustular and rhinophyma

0.015* 0.093 0.004*

Data are presented as mean ± SD. P<0.05 statistically significant. P≥0.05 statistically not significant. Abbreviations: F: ANOVA test;  
SD: standard deviation.

These findings suggest that the significant increase in serum 

Zonulin observed in rosacea patients indicates enhanced in-

testinal permeability, which may contribute to a “leaky gut” 

and potentially play a role in the pathophysiology of the dis-

ease, indicating that enhanced intestinal permeability could 

be responsible for a leaky gut in rosacea patients, hence 

might have a role in the disease pathophysiology [7]. Based 

on our ROC curve results, serum zonulin level at a cut-off 

of >16.25 ng/mL could be a reliable predicting marker for 

patients with rosacea. However, we did not find an associa-

tion between serum zonulin level and the degree of disease 

severity. This could be explained by the small sample size. 

The present study indicated a significant elevation in Bacte-

roides and Lactobacillus gut microbiomes in rosacea patients 
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erythematotelangiectatic and papulopustular subtypes. 

Regarding Bacteroides and Fusobacterium, these findings 

may be attributed to papulopustular rosacea, as antibiotic 

(oral metronidazole) treatment could improve both rosacea 

symptoms and inflammatory enteritis, suggesting a bacterial 

pathogen may be involved [22].

Additionally, rosacea is reported to be associated with 

gastrointestinal comorbidities, and certain studies have 

linked this coexistence to alterations in the gut microbiome 

[23]. It has been mentioned by Ellis et al. [24] that alterations 

in the gut microbiome could lead to cutaneous manifesta-

tions through the brain-gut-skin axis, which explains the 

presence of rhinophyma. They postulated that negative emo-

tional states, for example, anxiety and depression, disrupt 

the gastrointestinal system, resulting in altered gut flora and 

increased intestinal permeability in the intestine. It leads to 

systemic inflammation that can disrupt cutaneous homeosta-

sis by activating T cells and disrupting immunosuppressive 

cytokines [24]. Besides, cutaneous microbiomes promote ef-

ficient immune functions, acting as a potential contributor to 

the development of rosacea [25]. Rhinophyma is considered 

a more pronounced inflammatory rosacea with sebaceous 

gland hypertrophy and excessive fibrous tissue overgrowth 

of the skin [26]. It is mediated by the fibrogenic cytokine 

TGF-β and the TGF-β receptor, which is upregulated in rhi-

nophyma by fibroblast activation.

Furthermore, a higher number of fibroblasts correlates 

with increased mast cell number, which is fibrosis-driven 

[27]. Moreover, Demodex folliculorum has been implicated 

in triggering rosacea due to inflammation within piloseba-

ceous follicles [28], which PCR can detect because it is a very 

sensitive tool for the diagnosis of Demodex in patients with 

rosacea. In a case-control study, Trave et al. [29] found that 

PCR is a sensitive method for identifying the presence of De-

modex on the faces and scalps of patients with papulopustu-

lar rosacea. Taken all together, these cutaneous mechanisms 

enhance the effect of gut microbiomes. This study found a 

compared to the control group, while there was no signifi-

cant increase in Fusobacterium gut microbiomes in rosacea 

patients. In line with our findings, Chen et al. [18] found 

abundant relative Fusobacterium and Bacteroides. However, 

they found a reduced abundance of Lactobacillus gut micro-

biota in rosacea patients compared to the controls. Similar to 

our finding, Nam et al. [19] have detected an increased abun-

dance of Lactobacillus gut microbiota in rosacea patients 

compared to the controls. However, they detected changes in 

other microbiomes not investigated by our study.

The disagreement with the Chen et al. [18] study about 

Fusobacterium and Lactobacillus could be attributed to the 

differences in demographic and clinical characteristics of 

the included sample, as well as the difference in sample size 

and geographical distribution between our and their studies. 

These findings of changed gut microbiome levels in rosacea 

patients explain their importance in the pathogenesis of the 

disease. In a healthy state, a diverse and extensive enteric 

microbiome is responsible for preventing the passage of 

noxious substances across the gut mucosal surface. How-

ever, a disturbance in the mucosal surface, which may be 

caused by a difference in the enteric microbiome or intrinsic 

composition due to inflammatory or autoimmune diseases, 

may permit harmful substances to enter the bloodstream, 

leading to adverse effects at peripheral sites [20]. Also, the 

intestinal microbial population appears to have an immu-

nomodulatory effect on non-enteric systems, including the 

skin; however, the precise mechanism for this effect is still 

not fully understood [19, 21]. In this study, we detected a 

significant relation between Bacteroides and Fusobacterium 

gut microbiomes with subtypes of rosacea. Bacteroid mi-

crobiome showed the highest significant relation between 

papulopustular and rhinophyma subtypes and a less signif-

icant relation between erythematotelangiectatic and rhino-

phyma subtypes. Fusobacterium microbiome showed the 

highest significant relation between papulopustular and 

rhinophyma subtypes and a less significant relation between 

Table 7. Relationship Between Lactobacillus Gut Microbiome and Degree of Severity  
in the Rosacea Group. 

Lactobacillus

Degree of Severity

Mild Moderate Severe

Range 12.4 – 12.8 9.1 – 12.9 10.1 – 12.3

Mean ± SD 12.58 ± 0.17 10.95 ± 1.21 10.76 ± 0.91

F. test 4.277

P-Value 0.030*

Mild and Moderate Mild and Severe Moderate and Severe

0.014* 0.018* 0.742

Data are presented as mean ± SD. P<0.05 statistically significant. P≥0.05 statistically not significant. Abbreviations: F: ANOVA test;  
SD: standard deviation.
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significant relation between the Lactobacillus gut microbi-

ome and the degree of severity. Lactobacillus had the highest 

significant relation in patients with mild and moderate dis-

ease. Some intestinal bacterial species, such as Lactobacillus, 

are reported to confer a health advantage to the host [30].

Limitations

Study limitations include the small sample size and the lack 

of confirmation of diagnosis of rosacea with the gold stan-

dard histopathology, as it could have given a better assess-

ment of rosacea than dermoscopy. Also, body mass index 

(BMI)-matched healthy individuals limited the evaluation of 

obesity in relation to rosacea.

Conclusion

Concerning the descriptive results of our study, the serum 

zonulin shows a significant elevation in rosacea patients 

compared to healthy controls. Accordingly, high sensitivity 

and specificity of serum zonulin measurement can be used 

as a discriminating marker between rosacea and control due 

to getting a specific cut-off point in ROC analysis, especially 

in dark-skinned people, who might be underdiagnosed. The 

findings of changed gut microbiome levels in rosacea patients 

explain their importance in the pathogenesis of the disease. 

Further studies with a larger sample size of rosacea patients 

should assess the serum zonulin level and correlate it with 

subtypes of rosacea and the degree of severity. More research 

should also explore the gut microbiome’s role in rosacea 

pathogenesis by studying more subtypes of the microbiome. 

Wider studies are recommended to correlate serum zonulin 

levels with various types of gut microbiomes, because bac-

terial zonulin system induction is not completely explained. 

Based on the relation between zonulin and intestinal dysbi-

osis, zonulin receptor antagonists need to be investigated as 

a future new target in rosacea treatment. The role of gluten 

restriction on rosacea severity and zonulin level needs to be 

investigated. In addition, the role of probiotics and prebiot-

ics on zonulin levels needs to be inspected.
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