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Background: The leading cause of death for children under the age of five
years old worldwide is pneumonia. The assessment of illness progression and
clinical stage is necessary for the management of healthcare resources and the
provision of efficient treatment options. Macrophage migration inhibitory
factor (MMIF) is an inflammatory cytokine that, when produced, causes
macrophages to release additional cytokines, including as interferon-gamma
(IFN-gamma), tumor necrosis factor-alpha (TNF-a), interleukin IL--1, IL-6, IL-
8, and IL-12, resulting in a significant inflammatory response. Monocyte
chemotactic protein-1 (MCP-1) is a crucial chemokine involved in a number of
clinical situations, such as endothelial dysfunction, cancer, respiratory
infections, and cardiovascular illnesses.

Objectives: The aim of this study was to examine the levels of MMIF and
MCP-1 in patients with pneumonia and compare them to those in healthy
controls to determine whether there may be a relationship between the
severity of the disease and its results.

Results: MMIF and MCP-1 levels were substantially greater in pneumonia
patients than in controls, and they were also significantly higher in patients
who did not survive as opposed to those who did. The Pediatric Critical Illness
Score (PCIS) and the Pediatric Risk of Mortality (PRISM) scores were
significantly positively correlated with both indicators. A significant positive
connection between MMIF and MCP-1 was observed.

Conclusion: The severity of pneumonia and prognosis for patients are
directly correlated with MMIF and MCP-1.
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GRAPHICALABSTRACT

Critical role of monocyte chemotactic protein -1 and macrophage
migration inhibitory factor in children who have pneumonia

45 patients who fulfilled the
diagnostic standards for pneumonia

45 phenotypicall yhealthy controls that

were age and sex-matched

MMIF and MCP-1 levels were substantially greater in pneumonta patients than in controls,
and they were also significantly higher in patients who did not survive as opposed to those

who did.

The severity of pneumonta and the prognosis for patients are directly correlated with MVIF

and MCP-1.
Introduction

One of the top causes of death in children
worldwide is pneumonia, with the bulk of these
deaths occurring in environments with low
resources [1]. Annually, there are about 156
million new reported cases; 151 million of these
instances are in underdeveloped countries, and
7-13% of them are severe enough to require
hospitalization [2].

In Egypt, pneumonia causes 19% of under-five
mortality [3], where children under the age of 5
make up roughly 13.4% of the total population
[4]. According to statistics, Egypt has between
0.11 and 0.20 occurrences of pneumonia per
children [5].

In pediatrics, pneumonia may be pathogen- or
age-specific. Through the birth canal, newborns
run the danger of contracting diseases such
group B streptococci, Klebsiella, Escherichia coli,
and Listeria monocytogenes [6]. While most of
pneumonia infections in older infants and
toddlers between the ages of 30 days and 2 years
are caused by viruses. The same situation holds
true for kids between the age range of 2 and 5-
year-old. Most commonly affecting this age range
are S. pneumoniae and H. influenzae type B [7].
Macrophage migration inhibitory factor (MMIF),
a pro-inflammatory was initially
identified as a component in the supernatants of

activated T lymphocyte cultures in 1966 [8]. Pro-

cytokine,

inflammatory cytokine Macrophage Migration
Inhibitory Factor (MMIF) has a broad range of
biological effects involved in the development of
inflammatory and cancerous illnesses. MMIF is
released following an
inflammation and is naturally present in various
cell types and non-lymphoid tissues. In response
to stressful circumstances, immune and non-
immune cells, such as neutrophils eosinophils,
monocytes/macrophages, granulocytes, B and T
lymphocytes, and  endocrine, neuronal,
endothelial, and epithelial cells of varied
histogenetic origin [9]. Interleukin-1 (IL-1),
interleukin-6 (IL-6), interferon (IFN), and Tumor
necrosis factor (TNF) are among the extra
cytokines that macrophages produce in response
to MMIF, which causes a significant inflammatory
response [10].

Hopes been
inflammatory cytokine
therapeutically to provide additional treatment

acute stress or

that this
can be

have raised pro-

used

options as a result of the discovery that rising
levels of MMIF are significantly correlated with
the clinical manifestation and progression of
sepsis and autoimmune disease [11].

A potent monocyte chemotactic factor called
MCP-1 is either created naturally or is brought on
by cytokines, growth factors, or oxidative stress
[12].
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MCP-1 participates in the regulation of immune
cell contacts as well as the coordination and
recruitment of immune cells to and from tissues
[13]. In addition, MCP-1 supports proper immune
responses that are protective in lung infection
situations [14].

We attempted to examine MMIF and MCP-1
serum concentrations in pneumonia patients and
compare them to healthy controls to determine
whether there may be a correlation between the
severity of disease and survival rates. This was
done due to the regulatory importance of MMIF

and MCP-1 in inflammatory and immune
response.
Materials and Methods

Study subjects and design

This study is a hospital-based cohort prospective
includes two groups: patients and controls. At Al-
Zahraa University Hospital in Egypt, 45 patients
who fulfilled the diagnostic standards for
pneumonia in children under the age of five years
old were hospitalized. Based on the World Health
Organization (WHO) diagnostic standards,
pneumonia was identified including cough
and/or breathing problems with at least one of
the following symptoms: irregular breathing, less
than 40 breaths per minute in children between
the ages of 12 and 59, or lower chest intrusion
[15]. This study contained 45 phenotypically
healthy controls that were age and sex-matched.
They came from the hospital's outpatient during
the period between April 2021 and April 2022.
The Pediatric Critical Illness Score (PCIS) [16]
was used to evaluate severity, and the common
Pediatric Risk of Mortality score (PRISM III-24)
[17] was used to forecast prognosis in the
intensive care unit (ICU).

Subjects receiving anticoagulant or
suppressive therapy, children with chronic or
clinically significant infectious or inflammatory
conditions, burns, thromboembolism, or
inherited immune deficiency, as well as those
with any systemic illnesses that could affect
MMIF and MCP1 were excluded from this study.

immune

Sample size estimation

Both power and sample sizes were used to
determine the sample size. One matched control
has been planned for every case in the research of
matched sets of cases and controls. To be able to
reject the null hypothesis that the odds ratio
equals 1 with a probability (power) of 0.8, we
looked at 45 patients with one matched control
per case. The probability of a type I error in this
test of the null hypothesis was 0.05.

Laboratory analysis

Ten milliliters of venous blood were collected,
divided into four portions,
milliliters were evacuated into a tube containing
ethylene diamine tetra acetic acid for CBC.
Heparin was given an additional 2 mL to analyze
arterial blood gas (ABG). Three milliliters of
serum were utilized to measure kidney function
tests (urea and creatinine), sodium, potassium,
and C-reactive protein from the remaining
fraction, which was evacuated in two serum-
separator tubes and centrifuged at 3,500 rpm for
ten minutes (CRP.). The remaining 3 mL of serum
were frozen at 20°C for MMIF and MCP-1
analyses.

A completely automated cell counter was used to
calculate the complete blood count (Sysmex
KX21N, Kobe, Japan). Cobas C311 (Germany) and
Roche kits were used to quantify urea and
creatinine (Germany). CRP was quantified using
the latex agglutination kit CRP Visilatex. GEM
PREMIER 3000 (Instrumentation Laboratory,
Lexington, MA) and AVL 9180 were used to
perform ABG (Roche Diagnostics, Germany).

The double-antibody sandwich
ELISA kit, provided by Bioassay Technology
Laboratory (BT LAB), China, was used to quantify
the levels of MMIF and MCP1 in the serum (lot.no.
202203013 and 202106011, respectively). The
test range was, respectively, 0.1-40 ng/mL and 5-
1,500 ng/mL.

and then two

quantitative

Statistical analysis

The findings were examined, categorized, and
entered into the version 23 of the Statistical
Package for the Social Science Sciences (IBM
Corp.,, Armonk, NY, USA). When displaying
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quantitative data, medians and inter-quartile
ranges were used for nonparametric data
whereas means, standard deviations, and ranges
were used for parametric data. Furthermore,
percentages and numbers were used to represent
non-quantitative facts. The chi-square test was
not used to compare any quantitative data. The
Mann-Whitney U-test was used to compare
quantitative data with nonparametric patterns,
and the independent t-test was used to compare
quantitative data with parametric patterns. The
allowable margin of error was set at 5%, while
the confidence interval was set at 95%. P-values
were therefore regarded as significant if they
were 0.05. The Pearson and Spearman rank
correlation equation was used to analyze the
correlation between different variables.

Results and Discussion

In this study, 45 pneumonia cases and 45 control
cases were used. The investigated groups'
anthropometric measures and demographic
information are presented in (Table 1).

According to test results for both groups under
study, the patient group's hemoglobin level and
absolute  lymphocytic significantly
decreased; however, the patient group's platelet

count

count and CRP level significantly increased as
compared to the control group (Table 2).

Cases had considerably higher median serum
levels of MMIF (18.7 £ 19.03) and MCP-1 (480.6 =
496.7) than controls (3.18 + 1.2 and 68.7 * 36.2,
respectively) (Table 3).

In the patient group, the proportion of non-
critical cases (66.7%) was substantially greater
than the proportion of critical cases (22.2%) and
the proportion of highly critical cases (11.1%),
with regard to PCIS risk variables and patient
outcome.

The percentage of patients who survived (77.8%)
in the patient group was significantly greater
than the percentage of patients who did not
survive (22.2%) (Table 4).

The non-survival group had substantially higher
MMIF (51.01+ 5.12) and MCP-1 (1341.5 + 263.7)
levels than the survival group (9.52 + 8.26 and
234.6 + 144.2, respectively) in terms of the
relationship between biomarker levels (MMIF
and MCP-1) and patient outcomes (Table 5). The
illness severity assessed by the PCIS was
positively connected with MMIF (r = 0.923; p =
0.001) and MCP-1 (r = 0.963; p = 0.001),
according to Pearson correlation (Figures 1 and
2).

Table 1: Demographic data and anthropometric measurements of the studied groups

Demographic data Patient group (n=45) Control group (n=45) P-value
Sex
Male N (%) 25 (55.6%) 20 (44.4%) 0.2945
Female N (%) 20 (44.4%) 25 (55.6%) '
Age (months)
4 (1-36 8 (1-48 0.061
Median (Min-Max) ( ) ( )
Residence
Rural 30 (66.7%) 20 (44.4%) 0.034
Urban 15 (33.3%) 25 (55.6%)
Smoking exposure at
h
Yogsle 32 (71.1%) 20 (44.4%) 0.01
No 13 (28.9%) 25 (55.6%)
ight (K
Weight (Kg) 6.35+ 2.23 6.93+ 1.36 0.141
Mean = SD
Height/ Length (m) 0.656+0.12 0.685+0.08 0.209
Mean + SD
BMI
14.70+ 2. 15.27+1.72 22
Mean + SD 70+ 2.56 5.27+1.7 0.220
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Table 2: Comparison between patient group and control group regarding laboratory data

variable Patient group (n=45) Control group (n=45) P value
Hemoglobin (g/dl)
10.1 (6.9-14.4 12.2 (8.8-13.6 <0.001*
Median (Min-max) ( ) ( )
WBCS (109/L)
8.7 (2.9-27.7 6.8 (4.54-13.5 0.116
Median (Min-max) ( ) ( )
Neutrophils (10°/L)
3.6(0.1-24.2 2.78 (1.25-7.50 0.123
Median (Min-max) ( ) ( )
Lymphocytes (10°/L)
2.3(0.9-7.0 3.49 (1.5-5.6 0.003*
Median (Min-max) ( ) ( )
Platelets (10°/L)
400 (61-869 254 (160-434 <0.001*
Median (Min-max) ( ) ( )
Creatinine (umol/L) 100.07+22.68 93.60+8.95 0.079
Blood Urea Nit
ooc Urea Nitrogen 7.15+2.19 6.49+0.90 0.067
(BUN) (mmol/L)
Na (mmol/L) 136.96+8.13 139.40+5.24 0.094
K (mmol/L) 4.90+0.65 4.88+0.50 0.886
CRP
Positive 28 (62.2%) 7 (15.6%) <0.001*
Negative 17 (37.8%) 38 (84.4%)

Table 3: Comparison between patient group and control group regarding MMIF and MCP -1 serum level:

Patient group Control group
Biomarker (n=45) (n=45) P-value
Mean SD Mean SD
MMIF (ng/mL) 18.7 19.03 3.18 1.2 0.001*
MCP-1 (ng/mL) 480.6 496.8 68.7 36.2 0.001*
Table 4: Pediatric critical illness score (PCIS) risk factors and outcome in the patient group
PCIS risk factors and outcome Patient group (n=45)
PCIS Risk factors
Non-critical 30 (66.7%)
Critical 10 (22.2%)
Extremely critical 5(11.1%)
Chi square 23.333
P.value <0.001*
Outcome
Survived 35 (77.8%)
Non-survived 10 (22.2%)
Chi square 13.889
P.value 0.002*
Table 5: Relation between biomarkers levels (MMIF and MCP-1) and the patient outcomes
Survival (n = 35) Non-survival (n = 10)
Biomarker P-value
Mean SD Mean SD
MMIF 9.52 8.26 51.01 5.12 0.001*
MCP-1 234.6 144.2 1341.5 263.7 0.002*
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Figure 1: Correlation between MMIF and PCIS
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Figure 2: Correlation between MCP-1 and PCIS
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Figure 3: Correlation between MMIF and PRISM
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Figure 4: Correlation between MCP-1 and PRISM

Table 6: Correlation between biomarkers (MMIF and MCP-1) and the clinical scores of the patient group

. PCIS score PRISM score
Biomarker
R P-value R P-value
MMIF 0.923 0.001* 0.973 0.001*
MCP-1 0.963 0.001* 0.942 0.001*

Table 7: Correlation between MMIF and MCP-1 serum levels

Biomarkers R P-value
MMIF and MCP 0.963 0.001
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Figure 5: Correlation between MMIF and MCP-1

Figure 3 depicts a substantial link between the
MMIF and PRISM score (r = 0.973; p=0.001), and
Figure 4 indicates a significant association
between the MCP-1 and PRISM scores (r = 0.942;
p =0.001) (Table 6).

The serum levels of MMIF and MCP-1 were
shown to be positively correlated (r= 0.963; p =
0.001) (Table 7) (Figure 5).

The pro-inflammatory cytokine macrophage
migration inhibitory factor (MMIF), which is an
important immunological regulator and plays a
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significant role in the host control of the lung's
inflammatory response, is well documented [18].
Based on the information gathered for this
investigation, it was shown that cases had
significantly higher serum MMIF levels (18.7 *
19.03) than controls (3.18 £ 1.2) (P < 0.001).
These results support those of Tang et al, who
found that the serum levels of MMIF were
noticeably greater in children with cases than in
healthy children (P < 0.01) [19]. In addition,
Aksakal et al's noted that MMIF levels were
noticeably greater in the cases compared to the
control group (p = 0.001) in adult COVID-19
patients [11].

Despite these studies, Kofoed et al. questioned
the usefulness of MMIF as a measure of sepsis or
a systemic infection. When compared to CRP or
procalcitonin (PCT), which had better ability to
identify infection, MMIF's usefulness as an
infectious marker in their investigation was
equivalent but not superior (positive predictive
values: MMIF, 0.73 versus CRP, 0.79 versus PCT,
0.80) [10].

The PICS revealed that 66.7% of the patients in
the case group were non-critical; a proportion
significantly higher than that of critical cases
(22.2%) and extremely critical cases (11.1%) (P <
0.05), allowing us to analyze the relationship
between the degree of condition and MMIF
concentrations in patients with pneumonia. This
study showed a statistically significant
connection (r = 0.923; p = 0.001) between the
MMIF level and illness severity assessed by the
PICS.

This result supports the observation made by
Aksakal et al. that the MMIF level was statistically
significantly greater in severe patients than in
adult COVID-19 patients [11].
Additionally, Dheir et al. found that there was a
statistically significant difference in MMIF levels
between the patients in the ICU and those on the
ward (p < 0.05) [18].

These findings conflict with those of Yende et al,
who claimed that an increase in MMIF levels was

moderate

unrelated to demographic factors, concomitant
conditions, or the illness severity [20]. This
discrepancy in the results may be caused by the

use of several scores to gauge the severity of a
child's illness while they are hospitalized.

The non-survival group had considerably higher
MMIF levels (51.01 + 5.12) than the survival
group (9.52 = 8.26) when MMIF levels were
compared between the survival and non-survival
groups (P <0.001).

According to Bozza et al, elevated plasma levels
of MMIF (> 1100 pg/mL) exhibited 100%
sensitivity and 64% specificity in identifying
patients fatal
consequences [21]. High concentrations of MMIF
were positively connected with non-survival,
while low concentrations of MMIF were related
to survival, according to Brenner et al. and Pohl et
al., supporting these findings [22, 23].

Although numerous studies have shown that non-
surviving individuals had MMIF levels that were
noticeably greater than those of survived cases,
there is no information in the literature regarding
the relationship between MMIF levels and PRISM
score. According to this study, the MMIF and
PRISM scores have a strong correlation (r =
0.973; p=0.001).

Nitric oxide, tumor necrosis factor (TNF),
interleukin-1 (IL-1), interleukin-6 (IL-6), and
interferon (IFN) are all produced more readily as
a result of MMIF's pro-inflammatory cytokine
activity [9].

According to Dheir et al, MMIF may trigger
pulmonary inflammatory cytokines, which in turn
may contribute to inflammatory reactions [18].

In addition, de Souza et al. demonstrated that
during respiratory syncytial infection,
MMIF expression regulates the expression of IL-
10, MCP-1, and TNF-a. They discovered that an
immediate drop in the production of IL-10, MCP-
1, and TNF-a following MMIF inhibition leads us
to believe that MIF functions in an autocrine
manner to regulate the release of these cytokines
[24].

Because MMIF and MCP-1 have a strong
relationship (r = 0.963; P < 0.001), our study
found concordant results.

who  would  experience

virus

MCP-1 is an essential chemokine that is involved
in many diseases, including cancer, endothelial

dysfunction, respiratory infections, brain
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pathologies, bone and joint abnormalities, and
cardiovascular diseases [25].

In this investigation, we found that patients
(480.6 * 496.8) had significantly higher serum
MCP-1 levels than controls (68.7 + 36.2) (P <
0.001). Li et al showed that MCP-1 plasma
concentrations were noticeably higher in the
acute stage in patients with ventilator associated
pneumonia compared to those in control group
(p = 0.001) in accordance with this finding [26].
Furthermore, Xi et al. found that both severe and
moderate cases of coronavirus 2019 (COVID-19)
patients exhibit greater levels of chemokines.
Particularly, both severe and mild COVID-19
cases display increased amounts of monocyte
chemotactic protein 1 (MCP-1) [27]. Hassuna et
al. observation’s that MCP-1 plasma levels
considerably increased in the cases group as
compared to those in the control group (p <
0.001) lends support to these findings [28].
MCP-1 level and illness severity as assessed by
the PICS were statistically
significantly correlated in this study (r = 0.963; p
< 0.001). Li et al reported a positive connection
between MCP-1 levels and disease severity
assessed by the lung injury score (p = 0.02) and
the oxygenation index (p = 0.02) in contrast to
this conclusion [26]. Likewise, Wang et al. found
that early plasma MCP-1 concentrations can be
utilized to gauge the severity of the disease [29].
According to Chen et al. and Huang et al., serum
MCP-1 levels were substantially correlated with
the severity of the illness, supporting these
findings [30, 31].

These outcomes were in line with those of xi et al.
showed that practically all COVID-19
patients, regardless of severity, had MCP-1
overexpression [27].

The inconsistency of the results may be caused by
the use of several scores to gauge the severity of a
child's illness while they are hospitalized.

The non-survival group had considerably higher
MCP-1 levels (1341.5 £ 263.7) than the survival
group (234.6 * 144.2) (P < 0.001) when
comparing the MCP-1 levels in the survival and
non-survival groups.

Mera et al. and Zhu et al found significant
variations in serum chemokine levels between

shown to be

who

the survival and non-survival groups, with the
non-survival group having greater levels of MCP-
1 [32, 33]. According to Hassuna et al, MCP-1 and
PRISM had a positive correlation (r = 0.306; p =
0.019), which supports this finding [28]. In
addition, MCP-1 levels and PRISM scores had a
favorable association based on the study
conducted by Vermont et al. (r = 0.62; p < 0.001)
[34].

Contrary to their findings, Chen et al. discovered
no discernible difference between death and
survival [30]. This discrepancy may be due to the
severe or critical illness of the chosen patients,
which led to an excessively high mortality rate
without a difference between survival and death.

Conclusion

It was concluded that these cytokines are
elevated in patients with pneumonia compared to
healthy individuals in this prospective
observational study examining MMIF and MCP-1
levels in children with pneumonia. The levels of
MMIF and MCP-1 were associated to the illness
severity. The levels of MMIF and MCP-1 were
significantly increased in non-survivors. The
increased levels of both biomarkers may serve as
an early warning sign of poor outcomes in
pneumonia cases.

Disclosure Statement
No potential conflict of interest was reported by
the authors.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Authors' Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

ORCID

Gehad Nabil Abd El-Aal
https://orcid.org/0000-0001-7435-2867
Shimaa Moustafa kamel

2006 |Page


https://orcid.org/0000-0001-7435-2867

Nabil Abd El-Aal G., et al. / ]. Med. Chem. Sci. 2023, 6(9) 1998-2009

https://orcid.org/0000-0003-4698-7907
Mona Sayed Mohammad Attaya
https://orcid.org/0000-0002-9472-4696
Dalia Mahmoud Eldewi
https://orcid.org/0000-0003-1355-1365
Fatma Elzahraa AE. Diab
https://orcid.org/0000-0001-6737-9375
Marwa Mohsen Ramadan Hassan
https://orcid.org/0000-0002-2140-1271
Suzan Mohamed Abdel Kareem Mohamed
https://orcid.org/0000-0002-7523-7016

References

[1]. Nasrin S., Tariqujjaman M., Sultana M., Zaman
R.A, Ali S., Chisti M.J.,, Faruque A.S., Ahmed T,
Fuchs G.J., Gyr N., Alam N.H., Factors associated
with community acquired severe pneumonia
among under five children in Dhaka, Bangladesh:
analysis, PLOS ONE, 2022,
[Crossref], [Google Scholar],

A case control
17:e0265871
[Publisher]
[2]. Rudan [, El Arifeen S., Bhutta Z.A., Black R.E,,
Brooks A., Chan K.Y., Chopra M., Duke T., Marsh
D., Pio A,, Simoes E.A., Setting research priorities
to reduce global mortality from childhood
pneumonia by 2015, PLoS medicine, 2011,
8:€1001099  [Crossref], [Google Scholar],
[Publisher]

[3]. Liu L., Johnson H.L., Cousens S., Perin ]., Scott
S., Lawn ].E., et al. Global, regional, and national
causes of child mortality: An updated systematic
analysis for 2010 with time trends since 2000,
The Lancet, 2012, 379:2151 [Crossref], [Google
Scholar], [Publisher]

[4]. Ministry of Health and Population [Egypt], El-
Zanaty and Associates [Egypt], and ICF
International. Egypt Demographic and Health
Survey 2014. Cairo, Egypt and Rockville,
Maryland, USA: Ministry of Health and Population
and ICF International, 2015 [Publisher]

[5]. Rudan I, Boschi-Pinto C,
Mulholland K., Campbell H., Epidemiology and
etiology of childhood pneumonia, Bulletin of the
world health organization, 2008, 86:408 [Google
Scholar], [Publisher]

[6]. Chen ].C., Jenkins-Marsh S., Flenady V., Ireland
S., May M., Grimwood K., Liley H.G., Early-onset
group B streptococcal disease in a risk factor-

Biloglav Z,

based prevention setting: A 15-year population-
based study, Australian and New Zealand Journal
of Obstetrics and Gynaecology, 2019, 59:422
[Crossref], [Google Scholar], [Publisher]

[7]. GBD 2016 Lower Respiratory Infections
Collaborators. Estimates of the global, regional,
and national morbidity, mortality, and aetiologies
of lower respiratory infections in 195 countries,
1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016, Lancet Infect Dis.,
2018,18:1191 [Crossref], [Publisher]

[8]. Bloom B.R., Bennett B., Mechanism of a
reaction in vitro associated with delayed-type
hypersensitivity,  Science, 1966, 153:80
[Crossref], [Google Scholar], [Publisher]

[9]. Thiele M., Donnelly S.C., Mitchell R.A., OxMIF:
a druggable isoform of macrophage migration

inhibitory factor in cancer and inflammatory
diseases, Journal for ImmunoTherapy of Cancer,
2022, 10:e005475 [Crossref], [Google Scholar],
[Publisher]

[10]. Kofoed K., Andersen O., Kronborg G., Tvede
M., Petersen ]., Eugen-Olsen ]., Larsen K., Use of
plasma  C-reactive  protein, procalcitonin,
neutrophils, macrophage migration inhibitory
factor, soluble urokinase-type plasminogen
activator receptor, and soluble triggering
receptor expressed on myeloid cells-1 in
combination to  diagnose infections: A
prospective study, Critical care, 2007, 11:R38
[Crossref], [Google Scholar], [Publisher]

[11]. Aksakal A. Kerget B., Kerget F. Askin S,
the relationship
macrophage migration inhibitory factor level and
clinical in patients with COVID-19
pneumonia, Journal of medical virology, 2021,
93:6519 [Crossref], [Google Scholar], [Publisher]|
[12]. Kumboyono K., Nur Chomsy I., Iskandar A.,
Aryati A., Parwati I, Wihastuti T.A., The Potential
Predictive Role of Tumour Necrosis Factor-«,

Evaluation of between

course

Interleukin-1 8, and Monocyte Chemoattractant
Protein-1 for COVID-19 Patients Survival,
Infection and Drug Resistance, 2022, 15:821
[Google Scholar], [Publisher]

[13]. Li H., Wu M., Zhao X., Role of chemokine
systems in cancer and inflammatory diseases
MedComm, 2022, 3:e147 |[Crossref], [Google
Scholar], [Publisher]

2007 |Page


https://orcid.org/0000-0003-4698-7907
https://orcid.org/0000-0002-9472-4696
https://orcid.org/0000-0003-1355-1365
https://orcid.org/0000-0001-6737-9375
https://orcid.org/0000-0002-2140-1271
https://orcid.org/0000-0002-7523-7016
https://doi.org/10.1371/journal.pone.0265871
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Factors+associated+with+community+acquired+severe+pneumonia+among+under+five+children+in+Dhaka%2C+Bangladesh%3A+A+case+control+analysis%2C&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0265871
https://doi.org/10.1371/journal.pmed.1001099
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Setting+research+priorities+to+reduce+global+mortality+from+childhood+pneumonia+by+2015.+&btnG=
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001099
https://doi.org/10.1016/S0140-6736(12)60560-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global%2C+regional%2C+and+national+causes+of+child+mortality%3A+An+updated+systematic+analysis+for+2010+with+time+trends+since+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global%2C+regional%2C+and+national+causes+of+child+mortality%3A+An+updated+systematic+analysis+for+2010+with+time+trends+since+&btnG=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60560-1/fulltext?words=Breivik&code=lancet-site
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/dhsprogram.com/pubs/pdf/fr302/fr302.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Epidemiology+and+etiology+of+childhood+pneumonia%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Epidemiology+and+etiology+of+childhood+pneumonia%2C+&btnG=
https://www.scielosp.org/article/ssm/content/raw/?resource_ssm_path=/media/assets/bwho/v86n5/18.pdf
https://doi.org/10.1111/ajo.12891
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Early-onset+group+B+streptococcal+disease+in+a+risk+factor-based+prevention+setting%3A+A+15-year+population-based+study%2C&btnG=
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/ajo.12891
https://doi.org/10.1016/S1473-3099(18)30310-4
https://www.thelancet.com/action/showPdf?pii=S1473-3099%2818%2930310-4
https://doi.org/10.1126/science.153.3731.80
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanism+of+a+reaction+in+vitro+associated+with+delayed-type+hypersensitivity&btnG=
https://www.science.org/doi/abs/10.1126/science.153.3731.80
http://dx.doi.org/10.1136/jitc-2022-005475
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=OxMIF%3A+a+druggable+isoform+of+macrophage+migration+inhibitory+factor+in+cancer+and+inflammatory+diseases%2C+&btnG=
https://jitc.bmj.com/content/10/9/e005475
https://doi.org/10.1186/cc5723
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+plasma+C-reactive+protein%2C+procalcitonin%2C+neutrophils%2C+macrophage+migration+inhibitory+factor%2C+soluble+urokinase-type+plasminogen+activator+receptor%2C+and+soluble+triggering+receptor+expressed+on+myeloid+cells-1+in+combination+to+diagnose+infections%3A+A+prospective+study%2C+&btnG=
https://link.springer.com/article/10.1186/cc5723
https://doi.org/10.1002/jmv.27189
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+the+relationship+between+macrophage+migration+inhibitory+factor+level+and+clinical+course+in+patients+with+COVID%E2%80%9019+pneumonia%2C+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.27189
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Potential+Predictive+Role+of+Tumour+Necrosis+Factor-%CE%B1%2C+Interleukin-1%CE%B2%2C+and+Monocyte+Chemoattractant+Protein-1+for+COVID-19+Patients+Survival%2C+&btnG=
https://www.tandfonline.com/doi/full/10.2147/IDR.S348392
https://doi.org/10.1002/mco2.147
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+chemokine+systems+in+cancer+and+inflammatory+diseases+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+chemokine+systems+in+cancer+and+inflammatory+diseases+&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/mco2.147

Nabil Abd El-Aal G., et al. / ]. Med. Chem. Sci. 2023, 6(9) 1998-2009

[14]. Narasaraju T., Ng H.H., Phoon M.C., Chow
V.T., Mcp-1 antibody treatment enhances damage
and impedes repair of the alveolar epithelium in
influenza pneumonitis, American journal of
respiratory cell and molecular biology, 2010,
42:732 [Crossref], [Google Scholar], [Publisher]
[15]. Pocket book of hospital care for children:
guidelines for the management of common
illnesses with limited resources, 2nd ed. Geneva:
World Health Organization; 2013 [Publisher]
[16]. Wang K., Cai S., He L., Peng C., Pang W,
Wang Z, Wu D. Chen Y., Pediatric gastric
perforation beyond neonatal period: 8-year
experience with 20 patients, Pediatrics &
Neonatology, 2019, 60:634 [Crossref], [Google
Scholar], [Publisher]

[17]. Pollack M.M., Patel K.M., Ruttimann U.E., The
pediatric risk of mortality III -Acute physiology
score (PRISM III-APS): A method of assessing
physiologic instability for pediatric intensive care
unit patients, The Journal of pediatrics, 1997,
131:575 [Crossref], [Google Scholar], [Publisher]

[22]. Brenner T., Hofer S., Rosenhagen C., Steppan
J., Lichtenstern C., Weitz ]., Bruckner T., Lukic I.K,,
Martin E., Bierhaus A. Hoffmann U. Weigand
M.A.,, Macrophage migration inhibitory factor
(MMIF) and manganese superoxide dismutase
(MnSOD) as early predictors for survival in
patients with severe sepsis or septic shock,
Journal of Surgical Research, 2010, 164:e163
[Crossref], [Google Scholar], [Publisher]

[23]. Pohl ]., Hendgen-Cotta U.B., Stock P., Luedike
P., Rassaf T. Elevated MMIF-2 levels predict
mortality in critically ill patients, J. Crit. Care,
2017, 40:52 [Crossref], [Google Scholar],
[Publisher]

[24]. de Souza G.F., Muraro S.P., Santos L.D,
Monteiro A.P.T., da Silva A.G., de Souza A.P.D.,,
Stein R.T., Bozza P.T., Porto B.N. Macrophage
migration inhibitory factor (MMIF) controls
cytokine release during respiratory syncytial
virus infection in macrophages, Inflammation
Research, 2019, 68:481 |[Crossref], [Google
Scholar], [Publisher]

[18]. Dheir H., Yaylaci S., Sipahi S., Genc A.C., Cekic
D., Tuncer F.B., Cokluk E., Kocayigit H., Genc A.B,,
Salihi S., Varim C., Karabay 0., Does macrophage
migration inhibitory factor predict the prognosis
of COVID-19 disease?, The Journal of Infection in
Developing Countries, 2021, 15:398 |[Crossref],
[Google Scholar], [Publisher]

[19]. Tang Y.B. Qiu S.Y, Jiang F., Yi L. Guo L,
Effects of macrophage migration inhibitory factor
in pathogenesis of acute respiratory distress
syndrome in children, Zhonghua er ke za zhi=
Chinese Journal of Pediatrics, 2006, 44:356
[Google Scholar], [Publisher]

[20]. Yende S., Angus D.C, Kong L., Kellum J.A,,
Weissfeld L., Ferrell R, Finegold D., Carter M,
Leng L., Peng Z.Y., Bucala R, The influence of
macrophage migration inhibitory factor gene
polymorphisms on outcome from community-
acquired pneumonia, The FASEB Journal, 2009,
23:2403 [Crossref], [Google Scholar], [Publisher]

[21]. Bozza F.A., Gomes R.N., Japiassu A.M., Soares
M., Castro-Faria-Neto H.C., Bozza P.T., Bozza M.T.,
Macrophage migration inhibitory factor levels
correlate with fatal outcome in sepsis, Shock,
2004, 22:309 [Crossref], [Google Scholar],

[25]. Singh S., Anshita D., Ravichandiran V., MCP-
1: Function, regulation, and involvement in
disease, International —immunopharmacology,
2021, 101:107598 [Crossref], [Google Scholar],
[Publisher]

[26].Li Y.T.,, Wang Y.C,, Lee H.L., Tsao S.C., Lu M.C,,
Yang S.F., Monocyte chemoattractant Protein-1, a
possible biomarker of multiorgan failure and
mortality in ventilator-associated pneumonia,
International Journal of Molecular Sciences, 2019,
20:2218 [Crossref], [Google Scholar], [Publisher]|
[27]. Xi X, Guo Y., Zhu M., Wei Y,, Li G, Du B,
Wang Y., Higher expression of monocyte
chemotactic protein 1 in mild COVID--19
patients might be correlated with inhibition of
Type I IFN signaling, Virology Journal, 2021,
18:12 [Crossref], [Google Scholar], [Publisher]
[28]. Hassuna N.A., Elgezawy E. Mousa S.0.,
Abdelaziz R.A., Ibrahem R.A., Wahed W.Y.A., Nasif
K.A., Hefzy E.M., Diagnostic value of monocyte
chemoattractant Protein-1,
receptor, Presepsin, and Procalcitonin in critically

soluble mannose

ill children admitted with suspected sepsis, BMC
Pediatr, 2021, 21:458 [Crossref], [Google
Scholar], [Publisher]

[Publisher]

2008 |Page


https://doi.org/10.1165/rcmb.2008-0423OC
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mcp-1+antibody+treatment+enhances+damage+and+impedes+repair+of+the+alveolar+epithelium+in+influenza+pneumonitis&btnG=
https://www.atsjournals.org/doi/full/10.1165/rcmb.2008-0423OC
https://www.who.int/publications/i/item/978-92-4-154837-3
https://doi.org/10.1016/j.pedneo.2019.03.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pediatric+gastric+perforation+beyond+neonatal+period%3A+8-year+experience+with+20+patients%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pediatric+gastric+perforation+beyond+neonatal+period%3A+8-year+experience+with+20+patients%2C&btnG=
https://www.sciencedirect.com/science/article/pii/S1875957218304601
https://doi.org/10.1016/S0022-3476(97)70065-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+pediatric+risk+of+mortality+III+%E2%80%93Acute+physiology+score+%28PRISM+III-APS%29%3A+A+method+of+assessing+physiologic+instability+for+pediatric+intensive+care+unit+patients%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022347697700659
https://doi.org/10.3855/jidc.14009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Does+macrophage+migration+inhibitory+factor+predict+the+prognosis+of+COVID-19+disease%3F%2C+&btnG=
https://jidc.org/index.php/journal/article/view/33839715
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+macrophage+migration+inhibitory+factor+in+pathogenesis+of+acute+respiratory+distress+syndrome+in+children%2C+&btnG=
https://europepmc.org/article/med/16780713
https://doi.org/10.1096%2Ffj.09-129445
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+influence+of+macrophage+migration+inhibitory+factor+gene+polymorphisms+on+outcome+from+community-acquired+pneumonia&btnG=
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.09-129445
https://doi.org/10.1097/01.shk.0000140305.01641.c8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macrophage+migration+inhibitory+factor+levels+correlate+with+fatal+outcome+in+sepsis&btnG=
https://journals.lww.com/shockjournal/Fulltext/2004/10000/Continuous_Therapeutic_Epinephrine_but_not.2.aspx
https://doi.org/10.1016/j.jss.2010.05.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macrophage+migration+inhibitory+factor+%28MMIF%29+and+manganese+superoxide+dismutase+%28MnSOD%29+as+early+predictors+for+survival+in+patients+with+severe+sepsis+or+septic+shock&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022480410004543
https://doi.org/10.1016/j.jcrc.2017.03.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elevated+MMIF-2+levels+predict+mortality+in+critically+ill+patients&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0883944116308826
https://doi.org/10.1007/s00011-019-01233-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macrophage+migration+inhibitory+factor+%28MMIF%29+controls+cytokine+release+during+respiratory+syncytial+virus+infection+in+macrophages.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macrophage+migration+inhibitory+factor+%28MMIF%29+controls+cytokine+release+during+respiratory+syncytial+virus+infection+in+macrophages.+&btnG=
https://link.springer.com/article/10.1007/s00011-019-01233-z
https://doi.org/10.1016/j.intimp.2021.107598
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MCP-1%3A+Function%2C+regulation%2C+and+involvement+in+disease&btnG=
https://www.sciencedirect.com/science/article/pii/S1567576921002344
https://doi.org/10.3390/ijms20092218
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Monocyte+chemoattractant+Protein-1%2C+a+possible+biomarker+of+multiorgan+failure+and+mortality+in+ventilator-associated+pneumonia&btnG=
https://www.mdpi.com/1422-0067/20/9/2218
https://doi.org/10.1186/s12985-020-01478-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Higher+expression+of+monocyte+chemotactic+protein+1+in+mild+COVID%E2%80%91-19+patients+might+be+correlated+with+inhibition+of+Type+I+IFN+signaling.&btnG=
https://link.springer.com/article/10.1186/s12985-020-01478-9
https://doi.org/10.1186/s12887-021-02930-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diagnostic+value+of+monocyte+chemoattractant+Protein-1%2C+soluble+mannose+receptor%2C+Presepsin%2C+and+Procalcitonin+in+critically+ill+children+admitted+with+suspected+sepsis%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diagnostic+value+of+monocyte+chemoattractant+Protein-1%2C+soluble+mannose+receptor%2C+Presepsin%2C+and+Procalcitonin+in+critically+ill+children+admitted+with+suspected+sepsis%2C+&btnG=
https://link.springer.com/article/10.1186/s12887-021-02930-7

Nabil Abd El-Aal G., et al. / ]. Med. Chem. Sci. 2023, 6(9) 1998-2009

[29]. Wang Y., Liu Q., Liu T., Zheng Q., Xu X.E,, Liu
X., Gao W.,, Li Z, Bai X,, Early plasma monocyte
chemoattractant protein 1 predicts the
development of sepsis in trauma patients: A
prospective observational study, Medicine, 2018,
97:e0356 [Crossref], [Google Scholar],
[Publisher]

[30]. ChenY., Wang ]., Liu C,, Su L., Zhang D., Fan ],
Yang Y., Xiao M., Xie ], Xu Y, Li Y., Zhang S., [P-10
and MCP-1 as biomarkers associated with disease
severity of COVID-19, Mol. Med. 2020, 26:97
[Crossref], [Google Scholar], [Publisher]

[31]. Huang C.,, Wang Y., Li X, Ren L., Zhao J., Hu
Y., et al. Clinical features of patients infected with

2019 novel coronavirus in Wuhan, China, The
Lancet, 2020, 395:497 |[Crossref], [Google
Scholar], [Publisher]

HOW TO CITE THIS ARTICLE

[32]. Mera S., Tatulescu D., Cismaru C., Bondor C.,
Slavcovici A., Zanc V. Carstina D. Oltean M,
Multiplex cytokine profiling in patients with
sepsis, APMIS, 2011, 119:155 [Crossref], [Google
Scholar], [Publisher]

[33]. Zhu T, Liao X., Feng T., Wu Q., Zhang ]., Cao
X., Li H. Plasma monocyte chemoattractant

Protein 1 as a predictive marker for sepsis
prognosis: A prospective cohort study, The
Tohoku Journal of Experimental Medicine, 2017,
241:139 [Crossref], [Google Scholar], [Publisher]
[34]. Vermont C.L., Hazelzet J.A., de Kleijn E.D,,
van den Dobbelsteen G.P., de Groot R., CC and CXC
chemokine levels in children with meningococcal
sepsis accurately predict mortality and disease
severity, Crit. Care, 2006, 10:R33 [Crossref],
[Google Scholar], [Publisher]

Gehad Nabil Abd El-Aal, Shimaa Moustafa kamel, Mona Sayed Mohammad Attaya, Dalia Mahmoud Eldewi, Fatma
Elzahraa AE. Diab, Marwa Mohsen Ramadan Hassan, Suzan Mohamed Abdel Kareem Mohamed. Critical role of monocyte
chemotactic protein -1 and macrophage migration inhibitory factor in children who have pneumonia. J. Med. Chem. Sci.,

2023, 6(9) 1998-2009
DOI: https://doi.org/10.26655/[MCHEMSCI.2023.9.8
URL: http://www.jmchemsci.com/article 168864.html

2009 |Page


https://doi.org/10.1097%2FMD.0000000000010356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Early+plasma+monocyte+chemoattractant+protein+1+predicts+the+development+of+sepsis+in+trauma+patients%3A+A+prospective+observational+study%2C+&btnG=
https://journals.lww.com/md-journal/Fulltext/2018/04060/Early_plasma_monocyte_chemoattractant_protein_1.45.aspx
https://doi.org/10.1186/s10020-020-00230-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=IP-10+and+MCP-1+as+biomarkers+associated+with+disease+severity+of+COVID-19%2C+&btnG=
https://link.springer.com/article/10.1186/s10020-020-00230-x
https://doi.org/10.1016/S0140-6736(20)30183-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+features+of+patients+infected+with+2019+novel+coronavirus+in+Wuhan&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+features+of+patients+infected+with+2019+novel+coronavirus+in+Wuhan&btnG=
https://www.sciencedirect.com/science/article/pii/S0140673620301835
https://doi.org/10.1111/j.1600-0463.2010.02705.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multiplex+cytokine+profiling+in+patients+with+sepsis%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multiplex+cytokine+profiling+in+patients+with+sepsis%2C+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0463.2010.02705.x
https://doi.org/10.1620/tjem.241.139
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Plasma+monocyte+chemoattractant+Protein+1+as+a+predictive+marker+for+sepsis+prognosis%3A+A+prospective+cohort+study%2C+&btnG=
https://www.jstage.jst.go.jp/article/tjem/241/2/241_139/_article/-char/ja/
https://doi.org/10.1186/cc4836
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=CC+and+CXC+chemokine+levels+in+children+with+meningococcal+sepsis+accurately+predict+mortality+and+disease+severity%2C&btnG=
https://ccforum.biomedcentral.com/articles/10.1186/cc4836
https://doi.org/10.26655/JMCHEMSCI.2023.9.8
http://www.jmchemsci.com/article_168864.html

