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Correlation between C-reactive protein and serum
iron levels in children with pneumonia
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Abstract

Background Pneumonia is an infectious disease often occuring
in children under five years of age. At the time of infection,
pro-inflammatory cytokines are released. It is thought that these
pro-inflammatory cytokines cause changes to iron homeostasis
in the body.

Objective To determine a correlation between CRP and serum
iron levels in children with pneumonia.

Methods An analytical, cross-sectional study was performed
in children aged 6 months-5 years with severe pneumonia at
Sanglah Hospital, Denpasar, Bali from April-November 2010.
Laboratory examinations included CRP and serum iron levels.
The correlation between CRP and serum iron levels was analyzed
by Pearson’s correlation.

Results From 69 children with severe pneumonia, 23 children
fulfilled the inclusion criteria. Subjects’ median CRP level was
9.22 mg/L and median serum iron level was 25.55 ug/dL. The
coefficient correlation between CRP and serum iron levels was
-0.580 (P=0.004). The determination coefficient value was
0.316.

Conclusion In children with severe pneumonia, CRP level
correlates negatively with serum iron levels. [Paediatr Indones.
2012;52:38-42].
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neumonia is an infectious disease that often

occurs in children under five years of age. In

developing countries, pneumonia causes a

high morbidity and mortality rates.! During
infection, cytokines such as pro-inflammatory
interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor
necrotizing factor-a (TNF-a) are released. It is
thought that these pro-inflammatory cytokines may
lead to a change in iron homeostasis in the body.?3
Acute phase proteins, as products of pro-inflammatory
cytokine release, are often evaluated as an indirect
measure for these cytokines.

During acute infections, C-reactive protein
(CRP), an acute phase protein, increases in concen-
tration in the blood as a non-specific immune
response. Induction of CRP synthesis is triggered by
cytokines, especially IL-6, that are released in areas
of inflammation. Laboratory examination of CRP
concentration is often performed in patients with
pneumonia.*
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In Serbia, Nastasijevic et al.> found iron
deficiency in adult patients suffering from community-
acquired pneumonia. Their serum iron levels showed
significant improvement after 6-8 days of therapy,
despite the absence of iron supplementation, and
CRP levels correlated negatively with serum iron
levels. There have been few similar studies performed
in children. The aim of our study was to determine
if there is a correlation between CRP and serum iron
levels in children with pneumonia.

Methods

This cross-sectional, analytical study was conducted
at the Pulmonology Division, Department of Child
Health, Udayana University Medical School, Sanglah
Hospital, Bali from April to November 2010.

The number of required subjects was calculated
using the single correlation test sample. We included
23 subjects with severe pneumonia aged 6 months
- 5 years. We excluded patients with: 1) very severe
pneumonia or severe pneumonia with concomitant
systemic diseases, post-surgery and burns; 2) a
history of preterm birth, low birth weight, and twin
pregnancies; 3) food absorption problems; 4) anemia/
previous iron therapy; 5) incomplete data; and 6) lack
of parent/guardian consent. This study was approved
by the Research Ethics Committee of Sanglah
Hospital, Denpasar.

Clinical examinations were performed by
doctors in the emergency unit, outpatient ward,

Table 1. Basic characteristics of subjects

and the Pulmonology Division, Department of
Child Health, Udayana University Medical School,
Sanglah Hospital, Denpasar. Venous blood specimens
for complete blood counts, CRP, and serum iron
examinations were collected at the time patients
were diagnosed with severe pneumonia. Serum iron
concentration was measured by Beckman Coulter
CX 7 using spectrophotometry. CRP concentration
was measured by COBAS INTEGRA 400. Statistical
analyses were performed using SPPS 15.0 version
for windows. Pearson’s correlation was used to
analyze the association between CRP and serum
iron levels.

Results

During the study period, of the 69 children with
pneumonia, 23 children were included in our study.
Among the excluded 46 children, 5 children had
very severe pneumonia, 27 children had anemia
(hemoglobin <11 g/dL), 3 children had a history
of preterm birth and low birth weight, and 11
children had other systemic diseases (4 children with
congenital heart disease, 1 child with liver disease,
1 child with a malignancy, 2 children with brain
infections, 1 child with post-laparotomy surgery, and
2 children with sepsis).

The median concentration of CRP was 9.22
mg/L (range 0.22 to 53.5) and the median serum iron
concentration was 25.55 ug/dL (range 9.13 to 76.46),
as shown in Table 1.

Subject characteristics

n=23

Median age, months (minimum-maximum)
Sex
Male
Nutritional status
Well-nourished
Undernourished
Overweight
At risk of iron deficiency due to diet
Median laboratory parameters, (minimum-maximum)
Hemoglobin,g/dL
WBC, x108 p/L
Absolute neutrophil, x103 p/L
CRP, mg/L
Iron serum, pg/dL
Median time of CRP and serum iron measurement
after symptom onset, days (minimum-maximum)

13.0 (6.0-58.0)

13

11.8 (11-13.9)

11.2 (6.09-29.2)
5.74 (1.82-20.8)
9.22 (0.22-53.5)
25.55 (9.13-76.46)

4.0 (2.0-7.0)
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Figure 1. Scatter plot correlation of CRP and serum iron levels in children with severe

pneumonia.

The Shapiro-Wilk test revealed abnormal
data distribution in CRP and serum iron levels. To
normalize this data distribution, we performed data
transformation using the logl0 method. Pearson’s
correlation test revealed a weak but statistically
significant, negative correlation between CRP and
serum iron levels (r = -0.580; P = 0.004). If CRP
levels increased, serum iron levels decreased, and
vice versa.

The relationship between CRP and serum iron
levels is shown in Figure 1. Scatter plots showed that
the relationship between CRP and serum iron levels
was non-linear. The quadratic model was statistically
significant (F = 4.620, df = 20, P = 0.022) and more
precise than linear model. Scatter plot also showed
the negative relationship between CRP and serum
iron levels in children with severe pneumonia. The
determination coefficient value was 0.316.

Discussion

In pneumonia patients, infection and tissue damage
in the lung parenchyma may stimulate the immune
system to release CRP into the bloodstream. Increased
CRP levels are often seen in cases of pneumonia due
to bacterial infection. Hence, CRP testing is useful
to distinguish bacterial infections from other causes
of infections. Increased CRP levels can also be found
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in viral infections such as influenza A and influenza
B, with CRP levels ranging between 10-40 mg/L.%7
Other studies reported elevated levels of CRP > 12
mg/L in cases of pneumonia accompanied by empyema
and necrotizing pneumonia, while average CRP
concentrations in adenovirus infections can reach
6.71 = 4.99 mg/L.8

In our study, the median CRP concentration was
9.22 mg/L, ranging from 0.22 - 53.5 mg/L, similar to
that of previous studies.®” These CRP levels suggest
that the cause of pneumonia in most of our subjects
was viral. Low CRP levels are also likely to be detected
if CRP examination is performed after the subject has
passed the peak increase stage of CRP. The average
CRP examination time in our study was 4 days after
onset of initial pneumonia symptoms, such as fever,
cough and runny nose. In theory, CRP levels reach the
lowest value at days 4 and 5 after stimulation.!?

The inflammatory process may disrupt iron
homeostasis. Impaired iron homeostasis begins
with increased uptake and retention of iron in
reticuloendothelial cells. Iron from the circulation is
stored in the reticuloendothelial system, where its use
is limited to stem cell erythropoiesis. Stimulation of
pro-inflammatory cytokines (TNF-a, IL-1, IL-6) leads
to the retention of iron in macrophages. Furthermore,
down-regulation of ferroportin production withholds
the release of ferrous iron from duodenum enterocytes
into the circulation.> Kemna et al. found that after
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humans were injected with lipopolysaccharide, serum
iron levels gradually decreased, especially in the first 6
hours, and reached the lowest level after 22 hours.!3

The median serum iron concentration of in our
subjects was 25.55 ug/dL, ranging from 9.13 - 76.46
wg/dL, lower than that of a Serbian study which
reported a mean serum iron level in adult pneumonia
patients of 4.89 =+ 3.23 umol/L (27.38 = 18.0 ug/
dL).> This difference may be due to subjects’ age
differences. The median age of our subjects was 13
months, an age vulnerable to iron deficiency,'* while
the Serbian subjects were adults.?

A study of serum iron profiles reported mean
serum iron concentrations in children with severe
malnutrition to be 63.5 * 0.97 ug/dL, in severely
malnourished children with no acute respiratory
infection to be 35.91 = 0.70 ug/dL, and in severely
malnourished children with acute respiratory infection
to be 31.9 + 1.35 ug/dL.15 All of their results were
higher than that in our study (25.55 ug/dL). This
difference may be due to less severe acute respiratory
infections in their study (upper acute respiratory
infections), compared to acute lower respiratory
infections in our study.!

Iron homeostasis disruption occurs during the
inflammatory process.> In our study, we determined
the degree of inflammation by measuring CRP
levels, as an end result of pro-inflammatory cytokine
stimulation, especially IL-6. We determined iron
homeostasis disruption by measuring serum iron levels.
We found a negative correlation between CRP and
serum iron levels in children with severe pneumonia.
The correlation coefficient was -0.580 (P = 0.004),
indicating that increased CRP levels in children
with pneumonia correlated to decreased serum iron
levels. These results were consistent with a Serbian
study which showed that serum iron levels negatively
correlated with CRP levels (r = -0.625, P < 0.01).5

There was a positive relationship between
CRP and serum iron levels after CRP concentration
exceeded 40 mg/L, as shown by the ascending
quadratic line. This condition may have been due to
varying times of CRP and serum iron testing. The most
rapid examination was at 2 days and the least was at
7 days after presentation of early clinical symptoms
of pneumonia.

We found the correlation strength to be weaker
than that of the Serbian study, which was of medium

strength. This difference may be due to different
etiologies of pneumonia. In Serbia, most infections
were bacterial, while most infections in our study
were likely to be viral. A limitation of our study is
that we did not perform virus isolations or polymerase
chain reaction (PCR) tests to determine pneumonia
etiology. We only performed blood cultures, not lung
tissue or pleural fluid. Blood cultures were sterile
for all subjects. Blood culture results do not rule
out the possibility that bacteria caused our subjects’
pneumonia, since there is generally a low incidence
of bacteremia during pneumonia.

Another limitation of our research was that
CRP and serum iron levels were not measured after
initiation of therapy. So we do not know if serum
iron spontaneously increased after therapy. Since the
testing times of CRP and serum iron levels varied,
the data distribution was abnormal. Also, we did
not account for the influence of diurnal variation on
serum iron levels. Furthermore, all subjects were at risk
for iron deficiency due to their dietary status. Since
serum ferritin was not examined in our study, we do
not know if the low serum iron levels in our subjects
were caused by infection alone, or influenced by low
iron reserves.

In conclusion, CRP level was negatively
correlated with serum iron level in children with
severe pneumonia. Further research is needed to
evaluate iron status, including ferritin examinations,
in order to provide more specific information on the
impact of lower respiratory tract infection on iron
metabolism.
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