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Introduction
Rosacea as a chronic cutaneous inflammation affects all races, 
but people with colored skin throughout Africa, Asia, and 
South America have significant proportions up to 10%. The 
prevalence of rosacea disorder in Iran seems to be on the rise 
but there is no scientific evidence. Rosacea is more common 

in women 40–50 years old, but it may be more severe in men. 
There are four subgroups of rosacea that include phymatous, 
papulopustular, erythematotelangiectatic, and ocular.[1] It 
involves cutaneous manifestations such as temporary or 
sustained skin erythema, focal cataracts due to dilatation of 
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capillaries, edema, papules, and acne commonly in the central 
part of the skin.[2] The therapeutic options for rosacea include 
topical agents, oral treatments, laser therapy, and surgical 
procedures. Although the pathogenicity of the disease is still 
unknown, genetics, environment, and microorganisms such as 
Helicobacter pylori, Demodex folliculorum, and so on have 
been considered the cause of the rosacea disorder.[1]

Recently, studies indicate that chronic inflammation 
with host pre‑inflammatory cytokines  (tumor necrosis 
factor‑α, interleukin‑1β), reactive oxygen species, nitric 
oxide, vascular endothelial growth factor  (VEGF), and 
matrix metalloproteinases  (MMP‑1, MMP‑3, MMP‑9) 
could be associated with the symptoms of rosacea.[3,4] In 
fact, the cytokines associated with rosacea are adapted to 
the known pathogenicity of the gram‑negative bacteria.[5] 
Endotoxins  (lipopolysaccharides), as parts of the external 
membrane of the gram‑negative bacteria, induce various 
inflammatory responses  (moderate to severe).[6] Although 
past studies have linked bacteria like H. pylori and Bacillus 
oleronius to rosacea, these bacteria cannot enter the bloodstream 
and create the same pathogenicity.[7] More recently, other 
known inflammatory diseases suggest the association of 
Chlamydia pneumoniae with inflammatory diseases that 
may be involved in the rosacea etiology.[8] C. pneumoniae as 
a gram‑negative intracellular bacterium is belonging to the 
Chlamydiaceae family. C. pneumoniae as a prevalent cause 
of respiratory disease is transmitted by the respiratory tract 
with a relatively long incubation period (3–4 weeks). Studies 
show Chlamydiae have a unique biphasic developmental cycle 
that leads to persistent infection causing chronic inflammatory 
diseases,[9] as infected macrophages transmit this bacterium 
from the lungs to the bloodstream and C. pneumoniae with 
the presence in the epithelial cells of the bloodstream creates 
chronic inflammation.[10] Elementary bodies like spores 
of C.  pneumoniae circulate in the whole body through the 
bloodstream for infecting organs such as bone marrow, 
kidneys, liver, spleen, and pancreas. As C. pneumoniae has 
been found in cheek skin biopsy of rosacea patients and this 
may explain how C. pneumoniae reaches the skin and creates 
rosacea after entering to the body through the respiratory 
system.[8] Another key that links rosacea and C. pneumoniae is 
the recent studies about antimicrobial peptides of cathelicidin 
and their activity in the rosacea that have shown C. pneumoniae 
induces an unusually high level of cathelicidins activity.[8,11] 
Thus, concerning the probable role of C.  pneumoniae in 
the pathogenicity of the rosacea disorder, the present study 
evaluated the seropositivity of C. pneumoniae in the rosacea 
patients.

Materials and Methods
Patients
In the present case–control study, 100 rosacea patients 
(60 active and 40 inactive) were identified by the skin diseases 
clinics of the Isfahan University of Medical Sciences in the 
Isfahan province, the central area of the Islamic Republic of 

Iran. This work was done from November 2020 to December 
2021. The following formula was used to calculate the sample 
size: N = (Z1‑α/2 + Z1 –β)

2 [P1 (1‑P1)+ P2 (1‑P2)/d
2

As, in this formula, α = 0.05, β = 0.2, and d = 0.3.

Patients were chosen randomly based on a pre‑existing list 
prepared by a computer program. The patients with common 
symptoms such as red bumps, facial itching, burning, and 
swelling were being treated by the dermatologists of the skin 
center with or without considerable improvement. The course 
of the disease was defined as “active” if there was an alternation 
of worsening and improvement phases in the last 1 year, and 
“inactive” otherwise.

The rosacea patients in the age range of 17–60  years did 
not take the antibiotics (erythromycin, clarithromycin, 
azithromycin, levofloxacin, and moxifloxacin) for 1  month 
before the initiation of the study.

Patients who were reluctant to donate their blood samples/fill 
out a questionnaire.

There were 100 age and sex‑matched healthy controls from the 
Isfahan province, the center of the Islamic Republic of Iran. 
Controls had not a family member or relative with the rosacea 
patients or a history of malignant, allergic, or autoimmune 
diseases.

Enzyme‑linked immunosorbent assay (ELISA)
The samples of peripheral blood  (5–10 ml) of patients and 
controls were collected and centrifuged at RPM for minutes 
and the separated sera were stored at − 20°C. Then, the serum 
levels of immunoglobulin M (IgM) and IgG to C. pneumoniae 
were evaluated by the ELISA assay, using the C. pneumoniae 
IgG and IgM kit  (Order no: EI2192‑9601 G, Euroimmun 
state, Germany). Tests were conducted according to the 
manufacturer’s instructions and according to the laboratory 
kit, C. pneumoniae IgM titer >1.1 RU/ml and C. pneumoniae 
IgG titer >22 RU/ml were regarded as seropositive.

Statistical analysis
The serum levels of IgG and IgM to C.  pneumoniae were 
mentioned as the mean  ±  standard deviation  (SD). In this 
regards the serum levels of IgM and IgG to C. pneumoniae 
levels (including) were compared in the rosacea and control 
groups by Student’s t‑test. Furthermore, in each group, the 
serum levels of IgM and IgG were compared with other factors 
by non‑parametric analysis of covariance and Chi‑square tests. 
A P value < 0.05 was considered significant.

Ethical standards
The present study was approved  (in accordance with the 
ethical guidelines of the 1975 Declaration of Helsinki) by 
the Ethical Committee of Isfahan University of Medical 
Sciences for Clinical Research with the code number IR.MUI.
REC.1393.2.343, and the participants signed their informed 
written consent after the researchers explained the purpose 
and protocol of the study to them, and the baseline data was 
obtained by a researcher‑made questionnaire.
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Results
Patients and controls
A total of 100 rosacea patients  (82  females and 18  males 
F:M  =  4.5:1) and 100 controls  (70  females and 30  males 
F:M  =  2.3:1) were studied  (p  <  0.04). The mean age was 
44.7 ± 12.4 for the rosacea group and 34.8 years (SD 11.3) for 
the controls. Among patients with rosacea, 40 patients (40%) 
had the inactive course and 60 patients (60%) had the active 
course of rosacea. The most common clinical manifestations 
of rosacea were red bumps and sensory symptoms like facial 
itching and burning. The baseline demographic in the rosacea 
patients is shown in Table 1.

ELISA analysis
The median titer of the serum levels of IgG and IgM to 
C.  pneumoniae in the controls was higher than in the 
rosacea patients  [Table 2 and Figure 1]. Baseline data and 
the serum levels of IgG and IgM to C.  pneumoniae in 
200 subjects (patients and controls groups) are compared in 
Table 2.

In addition, the median titer of the serum level IgG to 
C.  pneumoniae was significantly different between the 
inactive and active rosacea patients, as the mean serum level 
of IgG in the inactive rosacea patients was significantly 
lower than the levels in the active rosacea patients. In 

Table 1: Baseline demographic of the rosacea patients

Characterization Patients (n=100)
Family history of Rosacea 11%
Skin color

White
White to light brown
Dark brown

36%
46%
18%

History of travel to the sea 48%
History of taking supplements 54%
History of autoimmune diseases 26%
History of Menopause 26%(Female)
History of Pap smear test 57%(Female)
History of respiratory diseases 19%
History of sexual diseases 24%
Smoking history 4%(Male)
Drinking history 2%(Male)

Table 2: Baseline data and the serum levels of IgG and 
IgM of the rosacea patients and controls

Patients 
(n=100)

Control 
(n=100)

P

Age (year) 44.7 (±12.4) 34.8 (±11.3) 0.0
Sex 0.82 (±0.38) 0.7 (±0.46) 0.04
Onset age (year) 38.17 (±13.16) - -
Mean duration of Rosacea (year) 6.5 (±7.2) - -
C. pneumoniae IgG titer (RU/ML) 52.02 (±43.2) 66.76(±46.8) 0.022
C. pneumoniae IgM titer (RU/ML) 0.51(±0. 41) 0.70(±0. 67) 0.019

contrast, the median titer of the serum level of IgM to 
C. pneumoniae in the inactive rosacea patients statistically 
was not different in comparison with active patients [Table 3 
and Figure 2].

Furthermore, the analysis of data based on sex showed an 
insignificant difference in the median titer of the serum levels 
IgG and IgM to C. pneumoniae between the females and males 
in the rosacea patients and controls. However, the serum levels 
of IgM and IgG in the males and females of the controls were 
higher than in the males and females of rosacea patients. In 
addition, the serum level of IgG in males of each group was 
higher than women of the same group [Figure 3].

Furthermore, there was not any correlation between either 
C.  pneumoniae IgG or IgM and disease duration, disease 
symptoms, taking supplements, menopause, history of 
autoimmune, sexual, and breathing diseases, but there was a 
statistical difference between both C. pneumoniae IgG or IgM 
and sex, age. Unlike IgM, there was a correlation between IgG 
and onset age and the progression of the disease. Regarding the 
progression of the disease, there was no significant difference 
between the progression of disease and time exposed to 
sunlight, skin color, and autoimmune diseases, but statistically 
correlation between the progression of disease and travel to 
the sea was significant.

Discussion
The present study investigated the seropositivity of 
C. pneumoniae in rosacea patients. The results did not show any 
correlation between the C. pneumoniae infection and rosacea 

Figure 1: The mean serum levels of IgM (a) and IgG (b) to C. pneumoniae 
in the rosacea patients and controls. The serum levels of IgM and IgG to 
C. pneumoniae in the controls were higher than in the rosacea patients

b

a
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symptoms. The mean serum level of IgG to C. pneumoniae 
in the inactive rosacea patients was significantly lower than 
the serum level in the active rosacea patients and the controls; 
however, the difference in the mean serum levels of IgG 
between the active rosacea patients and the controls was 
insignificant.

Although other studies suggest that C. pneumoniae infection 
leads to pustular rashes and increased VEGF production that 
is likely to cause chronic inflammation associated with this 
pathogen.[12] For example, Obregon[8] suggested C. pneumoniae 
as a causative factor of rosacea. As he detected C. pneumoniae 
antigen in 4 out of 10 and also serum antibodies against 
C. pneumoniae in 8 out of 10 rosacea patients. He also revealed 
all patients treated with azithromycin (250 mg three times a 
week) without any adverse effects reduced the progression 
of rosacea.

It is well known that rosacea is more common in females 
than in males.[13] In this study, the females to males ratio was 
4.5:1, a stronger female predominance in comparison with 
other studies.

Rosacea disorder occurs most often in adults (at the age of 
30–50 years) and studies have shown that the patient’s age is 
positively correlated with the risk of infection. For instance, 
Sędzikowska[14] showed that the infection risk of the rosacea 
in adult patients is three times higher than that of the general 
population. Similarly, this study showed that the serum levels 
of IgG and IgM to C.  pneumoniae increased with rosacea 
patients’ age. Also, we found a positive correlation between 
IgG (not IgM) and the onset age of rosacea.

Studies have shown that the rosacea progression varies from 
one person to another one, depending on the factors such as 
genetics, skin sensitivity, length of time spent in the sunlight 
without sunscreen, menopause, alcohol consumption, smoking, 
and some other factors.[15] For example, the rosacea patients 
showed higher genetic risks for many autoimmune diseases, 
such as celiac disease and type 1 diabetes.[16] Our study also 
included rosacea patients with a history of autoimmune 
diseases such as vitiligo, lupus, alopecia, type  1 diabetes, 
and hypothyroidism but there was no significant association 
between the progression of the disease and autoimmune 
diseases.

However, rosacea is considered a skin‑limited disease, 
and there are associations between rosacea and systemic 
comorbidities.[15] As a recent study showed rosacea patients 
had significantly higher three odds of having urogenital 

Figure 2: Comparison of the serum levels of IgG  (a) and IgM  (b) to 
C. pneumoniae with the rosacea disease progression. The mean serum 
level of IgG in the active rosacea patients was higher than the inactive 
rosacea patients, but the mean serum level of IgM was insignificant 
between the active rosacea patients and the inactive rosacea patients

b

a

Figure 3: The mean serum levels of IgG (a) and IgM (b) to C. pneumoniae 
in the males and females of the rosacea patients and controls. The serum 
levels of IgM and IgG in the males and females of the controls were higher 
than in the males and females of the rosacea patients

b

a

Table 3: The mean level of C. pneumoniae IgG and IgM 
of the rosacea and control groups

IgG (RU/ML) IgM (RU/ML)

Form Mean P Form Mean P
Active (n=60) Active (n=60)

Inactive 39.12±44.8 0.014 Inactive 0.51±0.53 0.96
Control 66.76±46.8 0.39 Control 0.70±0.67 0.02

Inactive (n=40) Inactive (n=40)
Active 60.6±40.2 0.014 Active 0.51±0.32 0.96
Control 66.76±46.8 0.002 Control 0.70±0.67 0.08
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diseases, respiratory diseases, and female hormone imbalance 
compared with control subjects.[17] In contrast, our study did 
not show any association between the levels of IgG/IgM and 
urogenital diseases, respiratory diseases, and female hormone 
imbalance.

The rosacea disorder most often affects women between 
the ages of 30 and 60 (the average age most females begin 
menopause) and the menopause triggers or worsens the rosacea 
disorder in some sufferers.[18] Despite this matter, this study 
did not show any evidence of the disease progression in the 
26 patients with menopause.

In addition, the rosacea disorder is often in the sun‑exposed 
areas that probably solar radiation destructs blood vessels 
and connective tissue of the skin,[19] but we did not find an 
association between the progression of rosacea disorder and 
time exposed to sunlight.

Also, the epidemiologic correlation between alcohol and 
rosacea is unclear and inconsistent based on previous 
studies.[20‑23] For example, Spoendlin et  al. in the large 
case–control study[22] and SuYun et al.[24] reported an increased 
risk of rosacea with increased alcohol consumption based on 
a large cohort of women. In contrast, several case–control or 
case series studies,[25,26] similar to our results, did not show 
a significant association between alcohol intake and rosacea 
exacerbation.

Furthermore, there are different results of correlation between 
smoking and rosacea disorder. For example, the study of 
Kucukunal et al.[27] revealed that the prevalence of smoking 
among rosacea patients was significantly higher (66%) than 
in controls.

In contrast, the study of Drago et al.[28] showed that smoke 
plays a protective and beneficial role in rosacea and the 
results of the study by Li et  al.[29] also confirmed that the 
rosacea risk is significantly decreased in smokers, likely 
in conjunction with the decreased risk for small intestinal 
bacterial overgrowth. Also, Li et al. found that past smoking 
in US women is associated with an increased risk of rosacea, 
while current smoking is associated with a reduced risk of 
rosacea.

Similarly, the research of Dai et  al.[30] showed that current 
smoking was significantly associated with a decreased risk of 
rosacea. In contrast, we did not obtain any association between 
smoking and the progression of rosacea.

Generally, no association was found between rosacea and 
C. pneumoniae in this report.

Study limitations and strengths
However, this study was conducted in a large cohort 
population, and the possible involvement of C. pneumonia in 
rosacea needs further investigation in different populations 
with more precise diagnostic tests and methods to find more 
accurate evidence about the relation between C. pneumoniae 
and rosacea.

Conclusions
The preliminary studies showed an insignificant difference 
between the chronic cutaneous disorder of rosacea and the 
causal agent of C. pneumoniae among Iranian patients. Since 
C. pneumoniae causes co‑infections with other rosacea‑related 
pathogens (such as Demodex mites, H.  pylori, Candida 
albicans, and Staphylococcus aureus) and induces a chronic 
inflammatory response, further studies can help to identify the 
possible cause of the rosacea.
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