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Vitamin A deficiency is associated with severe Mycoplasma
pneumoniae pneumonia in children
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Background: Children with vitamin A, D, and E deficiency are susceptible to respiratory infections.
However, the correlations between the levels with Mycoplasma pneumoniae pneumonia (MPP) and patient
MPP occurrence is still unclear. This study aims to measure and compare the serum levels in severe (sMPP)
and non-severe MPP (nsMPP) and to investigate the correlations between their levels and the occurrence of
MPP.

Methods: A total of 122 children were enrolled, including 52 sMPP and 70 nsMPP aged 0-15 years old
in 2015-2018. The serum levels of vitamins A, D, and E were measured and compared, and two-category
logistic regression was used for correlation analysis of vitamins A, D, and E levels with nsMPP and sMPP.
Results: The age was older (7.12 vs. 4.01 y, P=0.002) in the sMPP samples than that in the nsMPP
samples. Vitamin A deficiency was present in both the nsMPP and sMPP samples; its level was significantly
lower (0.15+0.06 vs. 0.19+0.07, P=0.0193) in the sMPP serum than that in the nsMPP serum. Vitamins E
and D in the sMPP samples were significantly lower (vitamin E 7.43+1.55 vs. 8.22+2.22, P=0.0104; vitamin
D 23.08£11.0 vs. 32.07£19.2, P=0.0007) than that in the nsMPP group; both sMPP and nsMPP did not
show a deficiency of vitamins E and D. Logistic regression analysis revealed that vitamin A deficiency
was significantly (OR 0.001, 95% CI: 0.001-0.334, P=0.009) associated with sMPP, and vitamin A
supplementation could reduce the incidence of sMPP. In >6 y sMPP, the incidence of vitamin A deficiency
was 62.5%, while <6y, 85%, showing a significant difference. Vitamin A level in <6 y sMPP was significantly
lower than that in >6 y sMPP.

Conclusions: Vitamin A deficiency is associated with sMPP and more likely present in the younger sMPP

samples. Therefore, it is important to watch and supplement vitamin A in M. preumoniae infection patients.
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Introduction Children of all ages are susceptible to MP infection (2). In

Mycoplasma pneumoniae (MP) infection is one of the recent years, the number of children with MP pneumonia

vital aspects of community-acquired pneumonia, occurs (MPP) has increased and they have a prolonged course of
throughout the year. MP, a common pathogen in pediatric the disease. Some typical symptoms include fever, wheezing,

respiratory diseases, can be transmitted by droplets (1). difficulty in breathing, chest pain, and chills. MPP,
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particularly refractory or severe MPP (sMPP), often result in
pleural effusion, atelectasis, and another organ damage (3).
Therefore, how to effectively reduce MPP incidence and
improve its treatment and management has become a
serious challenge to pediatricians in the clinic.

Presently, the pathogenesis of an MP infection is not
completely clear. MP and human tissues such as heart,
lung, liver, brain, kidney, and smooth muscle have some
common antigens (4). It has been proposed that while an
MP infection occurs, MP adheres to airway epithelial cells
through membrane P protein, then causes an immune
response by producing autoantibodies, forming immune
complexes and activating complement, which leads to the
release of toxins and thus causing respiratory and other
target organs damage (4).

Vitamins A, D, and E are very common nutrients but
necessary for normal metabolisms in the human body.
Lack of vitamins can lead to a high incidence of respiratory
and digestive diseases in patients, particularly in children.
Vitamins also have a significant impact on disease prognosis
(2,5). Some studies reported that children with vitamins A, D,
and E deficiency, even at a subclinical deficiency level, were
more susceptible to a variety of respiratory infections (5).
However, the nutritional status of vitamins A, D and E,
as well as the relationship between their levels and MPP
incidence, remains unclear. This study investigated and
compared the serum levels of vitamins A, D, and E in
hospitalized sMPP children with that in non-severe MPP
(nsMPP). Our findings show that vitamin A deficiency
was significantly correlated with sMPP, and more likely
occurred in the younger sMPP.

Methods
Study population

In this study, a total of 122 children aged 0-15 years with
nsMPP or sMPP who were hospitalized in the Pediatric
Department of Peking University Third Hospital
from December 2015 to March 2018 were enrolled
(Beijing, China). This study was conducted following
the Declaration of Helsinki, and the Ethics approved the
protocol of the Committee of the Peking University Third
Hospital. Written informed consent was obtained from all
participants.

Diagnostic criteria for nsMPP is serum MP IgM
antibody >1:160, or a single MP-IgM antibody positive,
and no clinical and laboratory evidence for other pathogen
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infections. Diagnostic criteria for sMPP: based on nsMPP,
patient should have the following presentations: (I) obvious
shortness of breath or tachycardia (less than 1-year-old:
RR >50 beats/min, HR >150 beats/min; 1-5 years old:
RR >40 beats/min, HR >140 beats/min; over 5 years
old: RR >30 beats/min, HR >120 beats/min), with or
without arterial blood pressure drop (contraction pressure
<75 mmHg), three concave signs and cyanosis; (II) use of
macrolides for more than 1 week is ineffective (continuous
temperature >38.5 °C or lung imaging is not improved or
even progress), or continuous fever for more than 10 days;
(III) chest image shows large lamella dense shadow,
occupying a segment of lung or above a lung lobe; (IV)
accompanied by lung complications such as pleural effusion,
atelectasis and lung necrosis/lung abscess; (V) severe
hypoxemia (PaO, <60 mmHg) or other serious damage
(central nervous system infection, heart failure, myocarditis,
gastrointestinal bleeding, obvious electrolyte/acid-base
balance disorder, etc.).

Children with congenital heart disease, chronic
diarrhea, hereditary metabolic diseases, kidney diseases,
congenital immune function defects, and long-term use of
immunosuppressive agents were excluded.

The measurement process used to evaluate serum vitamins

A, D, and E

Peripheral venous blood samples of all subjects were collected
under fasting on the next day of admission. HPLC was
used for measurement of serum vitamins A and E, and the
chemiluminescence method was used for measurement of serum
vitamin D. Detection of vitamins A, E, and D were performed
in the Inpatient Laboratory of Peking University Third
Hospital (Beijing, China). Vitamin A deficiency was defined by
<0.2 mg/L, subclinical vitamin A deficiency by 0.2-0.3 mg/L,
and normal vitamin A level by 0.3-0.7 mg/L. Vitamin E
deficiency was defined by <5 mg/L, and normal vitamin E level
by 5-20 mg/L. Vitamin D deficiency was defined by <15 ng/mL,
vitamin D insufficiency by 15.1-20 ng/mL, and normal vitamin
D level by 20.1-100 ng/mL.

Statistical analysis

Data processing was performed using SPSS 16.0
statistical software (IBM, Armonk, NY, USA). Count
data were presented with the number and percentages.
The comparison between the two groups was statistically
analyzed by chi-square test method. The non-normal
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Table 1 The general comparison between nsMPP and sMPP
Group n Age (y) F/M BMI (kg/m?)
nsMPP 70 4.01 (2.94-7.18) 38/32 15.32 (14.47-17.21)
sMPP 52 7.12 (4.00-9.00)° 24/28° 14.92 (14.47-17.01)°

2 7=-3.081, P=0.002; °, x2 =0.789, P=0.374; °, XZ =-0.725, P=0.469. nsMPP, non-severe M. pneumoniae pneumonia; sMPP, severe M.

pneumoniae pneumonia; F, female, M, male; BMI, body mass index.

Table 2 The serum levels of vitamins A, D, and E in nsMPP and sMPP

Group Vitamin A (mg/L) Vitamin D (ng/mL) Vitamin E (mg/L)
nsMPP 0.19+0.07 32.07+19.2 8.22+2.22
sMPP 0.15+0.06 23.08+11.0 7.43+1.55

P 0.0193 0.0007 0.0104

Data are shown as mean + SD. n=70 (hsMPP) and 52 (sMPP). nsMPP, non-severe M. pneumoniae pneumonia; sMPP, severe M.

pneumoniae pneumonia.

distribution measurement data was represented by M (QI,
Q3), and the Z-value was obtained by statistical analysis
using the Mann-Whitney U Test (Wilcoxon Rank Sum
Test). The factors that may affect the subjects with sMPP
were selected by two-category logistic regression analysis.
The difference was statistically significant at P<0.05.

Results
General comparison of nsMPP and sMPP

In this study, 70 of nsMPP with median age 4.01 y
(interquartile range, 2.94-7.18 y) were recruited, including
32 of boys and 38 of girls, and 52 of sMPP with median age
7.12 y (interquartile range, 4-9 y) including 28 of boys and
24 of girls (Table 1). There was no significant difference of
gender (P=0.374) and BMI (P=0.469) between nsMPP and
sMPP. A comparison of age shows a significant difference
between nsMPP and sMPP. The age was obviously
(P=0.002) older in sMPP than that in MPP, suggesting that
the older children may be more vulnerable to sMPP than
the youngers.

How serum levels of vitamins A, E, and D between nsMPP
and sMPP were compared

The serum levels of vitamins A, E, and D in nsMPP and
sMPP were measured and compared as described. Both
nsMPP and sMPP presented vitamin A deficiency with the
average values of less than 0.20 mg/L. Moreover, the level
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of vitamin A was significantly (P=0.0193) lower in sMPP
than that in nsMPP (Table 2, Figure 1A4).

The levels of vitamins E and D were also significantly
(P<0.05) lower in sMPP than that in nsMPP, whereas both
nsMPP and sMPP did not show deficiency of vitamins E
and D with the average values of greater than 5 mg/L and
15 ng/mL, respectively (1able 2, Figure 1B,C).

How the logistic regression analysis of vitamins A, D, and
E in sMPP was performed

Because of the statistical difference of age between nsMPP
and sMPP, vitamins A, D, E, and age were separately
screened by binomial logistic regression to name the
potential factors that may affect sMPP incidence. Our
analysis data show that vitamin A deficiency was associated
with sMPP (OR 0.001, 95% CI: 0.001-0.334, P=0.009)
(Table 3).

How the comparison of serum vitamin A level in sMPP
and nsMPP with different age was determined

Based on age, sMPP was further classified into two groups:
Group 1 (26 y) and Group 2 (<6 y). In Group 1, the
occurrence rate of vitamin A deficiency was 20/32 (62.5%),
while in Group 2, 17/20 (85%), showing a significant
difference (x* =4.731, P=0.030). Moreover, the level of
vitamin A was significantly lower (0.14=0.06 vs. 0.18+0.08,
P=0.0208) in Group 2 than that in Group 1 (Figure 2A).
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Figure 1 Comparison of the serum levels of vitamins A, D, and E between nsMPP and sMPP. The serum levels of vitamins A, D, and E
were measured and compared between nsMPP and sMPP. Data are shown as mean + SD. n=70 (nsMPP) and 52 (sMPP). nsMPP, non-severe
M. pneumoniae pneumonia; SMPP, severe M. pneunoniae pneumonia.

Table 3 Logistic regression analysis of vitamins A, D, and E in sMPP

Index B S.E. Wald OR (95% Cl) P

Vitamin A -7.874 2.996 6.907 0.001 (0.001-0.334) 0.009
Vitamin E -0.182 0.107 2,914 0.834 (0.676-1.027) 0.088
Vitamin D -0.182 0.019 2.817 0.969 (0.934-1.005) 0.093

sMPP, severe M. pneumoniae pneumonia; B, the coefficient for the constant in the null model; S.E., standard error around the coefficient
for the constant; Wald, the Wald chi-square test value; OR, odds ratio; Cl, confidence interval.
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Figure 2 Comparison of the serum vitamin A levels in nsMPP and sMPP of different ages. (A) Patients with sMPP were divided into two
groups: Group 1 (26 y) and Group 2 (<6 y). The serum level of vitamin A was significantly lower in Group 2 than that in Group 1. Data are
shown as mean = SD. n=32 (Group 1) and 20 (Group 2); (B) patients with nsMPP were divided into two groups: Group 1 (=6 y) and Group
2 (<6 y). The serum level of vitamin A showed no difference between Group 1 and Group 2. Data are shown as mean = SD. n=24 (Group 1)
and 46 (Group 2). nsMPP, non-severe M. pneumoniae pneumonia; sSMPP, severe M. pneumoniae pneumonia.
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Based on age, nsMPP was also classified into two
groups: Group 1 (=6 y) and Group 2 (<6 y). In Group 1, the
occurrence rate of vitamin A deficiency was 12/24 (50%),
while in Group 2, 28/46 (60.9%), showing no significant
difference (x’=0.761, P=0.383). However, the level of
vitamin A did not show significant difference (0.21+0.074
vs. 0.19£0.068, P=0.0886) between Group 1 and Group 2
(Figure 2B).

Discussion

In this current study, we analyzed the serum levels of
vitamins A, D, and E in children with nsMPP and sMPP,
and investigated their potential correlation with the
incidence of nsMPP and sMPP. We found that both nsMPP
and sMPP patients had a vitamin A deficiency. It has been
well known that vitamin A, a fat-soluble micronutrient, is
essential for the growth and differentiation of epithelial
tissues.

Vitamin A plays an important pleiotropic role in
supporting the normal mucosal barrier (6). It was found
that vitamin A deficiency causes squamous metaplasia
of the respiratory epithelium, impairment of airway
mucosal barrier, delay of repair, and reduction of airway
antioxidants, with the result of the increase of the risk of
invasive pathogens (7). Children who presented vitamin
A deficiency were more likely to get an acute respiratory
tract infection and diarrhea (8). MP infection can increase
the infiltration of inflammatory cells, the release of various
cytokines such as IL-13 and IL-10, and hyperpermeability
of airway epithelial cells (9). It was also reported that
vitamin A differentially regulates cytokine such as IL-6,
MCP-1, and IL-10 expressions in respiratory epithelial and
macrophage cell lines infected with LPS or Sendai virus (10).
In vitamin-A deficient rats, the number of mucosal dendritic
cells and the production of IL-12 markedly increased; the
mucosal expressions of Toll-like receptor 2 and MyD88 were
up-regulated, and secretions of interferon-y and secretory
IgA were decreased. Therefore, an infection aggravated the
damage to the intestinal mucosa and lowered immunity in
vitamin-A deficient rats (11). The functions of macrophages,
neutrophils and natural killer cells were impaired,
and the protective function of the respiratory mucosa
was also decreased in the deficiency of vitamin A (12).
Also, the extracellular matrix supplies enough strength and
toughness support for tissue in gas exchange, and their
morphological changes may be contributing factors to the
development and progression of lung disease. Vitamin A
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deficiency can lead to changes in the extracellular matrix
and basement membrane protein content and distribution.
It was reported that the abundances of collagen I and IV
were increased in the lungs of rats with vitamin A deficiency,
leading to a double increase in the thickness of alveolar BM
and deposition of ectopic type I collagen fibers (13-15).

The incidence and severity of infectious diseases
are increased in vitamin A deficiency children (1,2).
Epidemiological surveys show that the incidence of
vitamin A deficiency is significantly associated with age;
the younger the age, the higher the incidence of vitamin A
deficiency (1,2). However, the correlation between vitamin
A levels and nsMPP or sMPP occurrence is still unclear.
The present study shows that the level of vitamin A was
significantly lower in sMPP than that in nsMPP and that
the older children were more vulnerable to sMPP than the
youngers. There was an in vitro study showing that vitamin
A deficiency is related to MP infections. The addition
of vitamin A to MP-infected A549 cells can reduce the
secretion of IFN-y and inflammatory factors (16). In our
study, two binomial logistic regression analysis showed that
vitamin A deficiency was associated with sMPP, and the
supplementation of vitamin A may reduce the occurrence
of sMPP in children. Several studies also showed that
supplementation of vitamin A could reduce the incidence of
respiratory infections and shorten the course of the disease
(17-19). Moreover, we also found that vitamin A deficiency
was more likely present in younger sMPP children (<6 y)
compared to the >6 y sMPP. This finding suggests that
supplementation of vitamin A is more important in younger
children who have potential MP infection.

Besides, we found that the levels of vitamins E and D
were lower in sMPP than that in nsMPP, while both nsMPP
and sMPP did not show vitamin E and D deficiency.
Vitamin E plays a critical role in antioxidant defense
systems. Children who presented vitamin E deficiency were
more likely to get an acute respiratory tract infection (15).
In cultured fibroblasts infected by MP, oxidative damage was
detected, presenting with an increase in intracellular levels
of H,0, and O,7, which was limited by supplementation
of vitamin E (20). One study from Ethiopia shows that
preschool girls with low 25(OH)D levels were more
vulnerable to pathogenic microbes such as influenza,
respiratory viruses, and airway pathogenic bacteria than
boys and that vitamin D deficiency was associated with the
increased use of antimicrobials among preschool girls (21).
The deficiency of vitamin A, D, and E is positively
correlated with the disease activity of children with a
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recurrent respiratory infection, and interestingly, vitamins
E and A were positively correlated with vitamin D (5). In
our study, although we did not find a significant correlation
between vitamins E and D levels with nsMPP and sMPP,
vitamins E and D should be maintained at least at the

normal levels since we found that they were significantly
lower in sMPP than nsMPP.

Conclusions

Our data shows that vitamin A deficiency is associated with
the onset of sMPP, particularly in younger children, and the
addition of vitamin A can reduce the incidence of sMPP.
It is important to check and supplement vitamin A in MP
infection patients. The relationship between vitamins E and
D levels and MPP or sMPP occurrence should be further
investigated.
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