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Abstract

Background: Iron is a pro-oxidant and an essential nutrient for different bacteria. Experimental animal studies have demonstrated exacerbating sepsis 
episodes. Intravenous iron treatment has been implicated, at least theoretically in increasing infection episodes. However, these studies did not obtain 
any conclusion in this respect. Therefore, the aim of our study was to evaluate whether there is a risk between intravenous iron treatment and infection 
episodes following iron treatment. 

Methods: In our study, 186 patients who received intravenous iron treatment were included. The biochemical parameters included “pre and post iron 
treatment” (e.g., ferritin, serum iron, transferring saturation, and hemoglobin) and the later emergence of infections. Moreover, we evaluated all possible 
risk factors that could interfere with the subsequence appearance of infection. 

Results: Infectious complications were reported in 24 patients (12.8%) after the iron treatments began, and no infection was reported in 87.15% (n=162) of 
the patients. The most common infections were urinary (33%) and respiratory infections (25%). The most common infectious agents were enterobacteriae 
(e.g., E coli, E faecalis, and E faecium). Notably, we did not observe any intracellular pathogens. In our statistical survey, we did not find a relationship 
between infection onset and intravenous iron treatment. To analyze the baseline disease, comorbidities, such as diabetes and other treatment (e.g., 
corticosteroids or anti-TNF) were evaluated, and, no association was found. 

Conclusion: In our study, intravenous iron was an effective treatment to correct anemia, and it did not appear to correlate with the development of 
secondary infections. 
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Introduction

Iron is an important nutrient for many bacteria, and in laboratory 
animals, it was shown to exacerbate sepsis. [1] It has been postulated 
that increased plasma iron is responsible for the association of 
hemochromatosis with infections by Vibrio vulnificus, Yersinia 
enterocolitica, and Escherichia coli. [2] Accordingly, there are host 
defense mechanisms that tend to restrict the available iron from 
invading pathogens. [3] For example, the transferrin receptor is the 
major pathway for delivery of iron to peripheral tissues through 
endocytosis of its ligand, transferrin, which binds to iron and circulates 
in the plasma. Down regulation of the transferrin receptor limits the 
cell’s ability to acquire transferrin-bound iron and concomitantly 
reduces the endosomal pool of iron that can be accessed by intracellular 
pathogens, such as L. pneumophila, Mycobacterium tuberculosis, and 
Mycobacterium avium, and thus restricts their growth. [4, 5] Iron 
repletion with oral iron has been associated with adverse outcomes 
for certain infections. In a study of 137 iron-deficient Somali nomads, 
who were treated with placebo or oral iron (71 subjects), Murray et 

al. noted seven infection episodes in the placebo group and 36 in 
the oral iron group (including reactivation of preexisting malaria, 
brucellosis, and tuberculosis). [6] A large iron supplementation trial 
of young children on Pemba Island, was prematurely terminated as 
a result of an excess of serious adverse events (including deaths) in 
those receiving iron. [7] Ferric iron (Fe)–carbohydrate complexes are 
widely used for treating Fe deficiency in patients who are unable to 
meet their Fe requirements with oral supplements. [8] Intravenous 
(IV) Fe is generally well tolerated and effective in correcting Fe-
deficient states. However, complexing Fe to carbohydrate polymers 
does not block its potent pro-oxidant effects; therefore, systemic free 
radical generation and, possibly, tissue damage may result. [9] On the 
other hand, excessive iron administration may lead to oversaturation 
of transferrin and the release of free, catalytically active iron into 
circulation (NTBI) [10] which could be readily utilized by bacteria, 
leading to their multiplication and the possibility of an overwhelming 
infection. [11, 12] The aim of the present work was to determine the 
short-term infection rate associated with IV iron treatment and the 
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possible risk factors that can predict these infections in a contemporary 
patient cohort.

Material and methods

Patient enrollment. A retrospective, longitudinal study was carried 
out at Marqués de Valdecilla University Hospital (Santander, Spain). 
The hospital records of patients who underwent ambulatory treatment 
with IV iron at the hospital day center between January 2011 and 
December 2012 were reviewed. 

Patient parameter evaluation. The medical records of these patients 
were searched after institutional review board approval was obtained 
for the following data fields: a) demographic features; b) principal 
diagnosis; c) comorbid factors, such as diabetes mellitus, arterial 
hypertension, and dislipemia; d) concomitant treatment as potential 
infection causes, such as corticosteroids, immunosuppresive therapy, 
and anti-TNF treatment; e) previous infection, and; f) laboratory 
data prior to and after IV iron treatment, such as hemoglobin 
concentration, mean cell hemoglobin (MCH), mean cell hemoglobin 
concentration (MCHC), red cell volume distribution width (RDW), 
serum iron, transferrin saturation, and serum ferritin.

Intravenous iron treatment. One thousand mg (50 mg/ml) of ferric 
carboxymaltose was administered in an ambulatory regimen to the 
subjects at the hospital day center. The doses of this treatment were 
adapted subsequently according to the Ganzoni equation and their 
efficacy. 

Case definitions. We used a retrospective cohort design with a 
1-month baseline period. After IV iron treatment was started, all of 
the patients were followed for 3 months. We looked for any infectious 
diseases, and we differentiated the subjects by bacterial, viral and 
fungal infections, as well as by gastrointestinal, genitourinary, 
respiratory and other diseases. If a single blood culture was positive for 
coagulase-negative staphylococci, Corynebacteria, or Bacillus sp., the 
culture was considered contaminated or representative of a transient 
bacteremia but not of a bacteremic episode. All other situations in 
patients in whom at least one blood culture was positive were defined 
as bacteremic episodes.

Statistical Analysis. The results were analyzed with the SPSS 15.0 
computer software package (Statistical Package for Social Sciences, 
Inc., Chicago. IL). Continuous variables were summarized as the means 
or as the medians and ranges. Categorical variables were compared 
with the chi-square and Fisher´s exact tests. Correlations between the 
data sets were examined using the Pearson (r) or Spearman rank (rs) 
correlation coefficients. Any differences were considered significant 
for all statistical tests at p values of less than 0.05. 

Results

A total of 186 adult patients (70 men and 116 women; mean age, 
63 yrs; range, 18 to 80 yrs) were enrolled. The principal diagnosis 
of the patients included in the study were cardiac diseases (n=41, 
22%), neoplasm diseases (n=32, 17.2%), renal diseases (n=31, 
16.7%), malnutrition due to bariatric surgery (n=19, 10.2%), hepatic 
diseases (n=15, 8.1%), and lung diseases (n=15, 8.1%) (Table 1). A 
comorbid condition known to increase the infection risk was found 

in 88 patients (47.3%), which included diabetes mellitus (n = 53), 
current malignancy (n = 32) (under treatment and/or not cured), 
being a transplant recipient (n= 3), and having both a malignancy 
and diabetes mellitus (n= 5). Twelve patients were treated with 
corticosteroids and six were treated with anti-TNF therapy. The 
pretreatment median hemoglobin level was 9.5 gr/dL (5.6- 12.6 gr/
dL) and after the treatment it was 11.8 gr/dL (7.4-14.1 gr/dL) (Table 
2). Additionally, we found a statistically significant difference between 
the baseline biochemical iron metabolism parameters pre-and post IV 
iron treatment (Table 2). Thus, we corroborated that IV iron was an 
effective therapy in our patients.

Table 1. The principal diagnosis of the patients included in the study.

Disease n (%)

Cardiac diseases 41 (22%) 

Neoplasms diseases 32 (17.2%) 

Kidney disease 31 (16.7%)

Bariatric surgery 19 (10.2%)

Liver diseases 15 (8.1%)

Lung diseases 15 (8.1%)

Others 33 (17.7%)

Table 2. The baseline laboratory iron metabolism parameters pre-and post-intravenous 
iron treatment.

Pre-treatment Post-treatment P

Hemoglobin (gr/dL) 9.5 (5.6-14.5) 11.8 (7.4- 14.10) <0.01

MCH (pg/RBC) 26.4 (8.6-37.5) 29.9 (21.8-37.4) <0.01

MCHC (gr/dL) 32.4 (28.6-35.3) 33.1 (25.5-35.3) <0.01

RDW (%) 18.9 (12.2-37.4) 21.4 (9-43.6) <0,01

Serum iron (mcg/dL) 25 (10-96) 69 (16-177) <0.541

Transferrin saturation 
(Fe/TIBC)%

7 (2-37) 23,5 (5-62) <0.01

Serum ferritin 54 (2-753) 408 (10-1492) <0.01

MCH - mean cell hemoglobin; 
MCHC - mean cell hemoglobin concentration; 
RDW - red cell volume distribution width.

No patients had more than one bacteremic episode within the 
month prior to treatment. Twenty-four patients (12.9%) suffered 
from one infection episode after the IV iron treatment, and 162 
patients (87.1%) did not have any infection episodes. The majority 
of these infections were from bacterial microorganisms (75%, n=18) 
followed by unknown etiologies (16.7% n=4) and viral episodes 
(8.3%, n=2). There were no fungal infections. The urinary tract 
was involved in 33.3% of the cases (n=8); 25% of the cases involved 
therespiratory system (n=6), which was similar to the unknown focus 
case percentage; and 16.7% of the cases involved the gastrointestinal 
system (n=4). The infectious agent was unknown in 63.5% of the 
cases (n=15). The pathogens responsible for these episodes were 
E coli (16.7%, n=4) followed by E faecalis, E faecium, Lysteria and 
Proteus mirabilis, which all occurred in 4.2% of the cases (n=1). No 
intracellular microorganisms or non-capsulated bacteria were found 
in our series. Additionally, no serious diseases and no mortality cases 
were reported three months after the treatments began.
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The main characteristics of the patients with and without infection 
episodes are shown in Table 3. More patients with an infection 
episode had a comorbidity (diabetes or malignancy) and ongoing 
immunosuppressive therapy than the patients without infections. 
However, this was not statistically significant. Furthermore, when we 
analyzed the relationship between infections with other comorbidities, 
such as diabetes, cancer, transplantation or treatments such as steroids 
or anti-TNF we did not find any association.

Table 3. Comorbidity incidences in the infection or no infection groups.

Infection No Infection p

Diabetes mellitus 8 (33.3%) 45 (28.3%) NS

Arterial hypertension 14 (58.3%) 65 (40.1%) NS

Dislipemia 5 (20.8%) 23 (14.2%) NS

Cardiac diseases 7 (29.2%) 34 (21%) NS

Renal diseases 7 (29.2%) 24 (14.8%) NS

Lung diseases 1 (4.2%) 14 (8.6%) NS

Liver diseases 1 (4.2%) 14 (8.5%) NS

Bariatric surgery 3 (12.5%) 16 (9.9%) NS

Neoplasm 7 (29.2%) 25 (15.4%) NS

Organ transplantation 0 (0%) 3 (1.9%) NS

Corticosteoids 3 (12.5%) 9 (5.6%) NS

Biologic therapy 1 (4.2%) 5 (3.1%) NS

NS - Non-Significant.

Discussion
Almost all life forms require iron because of its involvement in 

basic cellular processes. Free iron was shown to potentiate bacterial 
growth in vitro. [13] In fact, during infections, pathogens use various 
means to acquire iron from their hosts, whereas hosts attempt to 
withhold it from pathogens. [14, 15] Iron therefore represents a 
point of conflict between the host and the pathogen, and an altered 
iron balance associated with poor outcomes in several infectious 
diseases, including malaria, [7] tuberculosis, [16] and HIV-1 
infection. [17] Furthermore, certain bacterial species, including E. 
Coli, Klebsiella spp., and Salmonella spp., use unbound iron in the 
blood to enhance their growth. These organisms release siderophores, 
which are iron chelators, into the blood. Once these siderophores 
are released, bacteria can compete with proteins, such as transferrin 
for unbound iron in the serum. [18, 19] Staphylococcus aureus and 
Haemophilus influenzae do not possess siderophore; however, they 
do have transferrin receptors, which allow these bacteria to use iron 
for growth. [18] Vibrio vulnificus cannot grow if there is no iron 
available, and their virulence depends on the ability to obtain iron 
combined with transferrin. Hepcidin, which is produced during 
innate immune responses to infections, reduces the iron availability 
in the serum by inhibiting ferroportin function in macrophages and 
enterocytes and potentially limits extracellular pathogen growth 
therein. [20] Intravenous iron may also impair immune function 
and increase infection susceptibility. [21] Gupta et al. [22] found that 
exposure of mononuclear cells to IV iron agents induced significant 
intracellular oxidative stress and shortened CD4+ T lymphocyte 
survival. High doses of IV iron agents impaired the phagocytic activity 
and microbial killing capability of polymorphonuclear leukocytes. 

[23-25] Furthermore, in a recent in vitro study, iron sucrose led to 
impaired phagocytic function and increased polymorphonuclear 
leukocyte apoptosis. [26] However, the current evidence in clinical 
practice cannot determine whether iron supplementation increases 
the risk of infection or worsens outcomes due to infection. [27, 
28] There is increasing data to suggest that infective and adverse-
event risks may be related to the intensity and frequency of IV iron 
dosing. [29-31] Brookhart et al. [32] studied iron dosing patterns in a 
retrospective cohort of 117.050 prevalent hemodialysis (HD) patients 
and found that administration of large boluses of IV iron for repleting 
iron deficiency was associated with increased infection-related 
hospitalization or death compared with smaller doses of IV iron 
maintenance therapy. The risk of infection-related hospitalization was 
increased further in patients who experienced infections within the 
past month. Similarly, the DOPPS study showed a trend towards an 
increase infection related mortality in prevalent HD patients treated 
with > 300 mg of IV iron. [33] A recent meta-analysis of randomized 
controlled trials evaluating IV iron use (often administered as frequent 
boluses) in patients with varying infective risk profiles found IV iron 
to be associated with a 30% greater risk of infection compared with 
oral or no iron therapy. [34] Conversely, a prospective observational 
study of 985 patients failed to demonstrate a relationship between 
infection and serum ferritin or IV iron dosing. [35] In our study, large 
IV iron boluses were an effective treatment for anemia that was caused 
by different etiologies, because hemoglobin increased at 2 or 3 points 
at the end of the treatment and we found any relationship between IV 
iron administration and infection, which was similar to the previously 
published data. Furthermore, in our study, transferrin saturation 
increased to 23.5%, thereby leaving little to no unbound iron available 
for bacterial utilization, as shown in previous in vitro studies. [10] For 
example, in the K. pneumonia case, bacterial suppression occurred 
throughout its incubation until the transferrin saturation exceeded 
60%, at which time bacterial growth occurred. [19] Another in vitro 
study showed that the inhibition of Staphylococcus epidermidis 
growth was lost once the transferrin saturation exceeded 80%. [18] 
Subsequent studies had ambiguous results that left the relationship 
somewhat unclear. [36, 37] In a retrospective observational cohort 
study of 23.000 adult patients on HD hospitalized for bacterial 
infection, Ishida et al. found no association between iron treatment 
and readmission for infection. [38] Feldman’s group, in a re-analysis of 
their HD cohort using multivariable analysis, showed no statistically 
significant association between any level of iron administration and 
mortality. [39] Moreover, a French multicenter prospective study 
regarding bacteremia risk factors in HD patients (EPIBACDIAL) 
did not find any correlation between parenteral iron or ferritin and 
bacteremia. [40] Furthermore, in the Anker study, quality of life and 
functional status improved in heart failure (a relatively high-risk 
group) without an increase in infections. [41]

Our study had limitations due to its retrospective nature. However, 
of the patients who were analyzed, we found a 12.8% infections after 
the beginning of iron therapy. Notably, an important difference in our 
study compared with the previously published studies was that we did 
not find any association between IV iron treatment and intracellular 
pathogens. 
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In conclusion, based on our study, iron treatment is safe and it 
does not associate with the development of new infections. However, 
the infection relationship is not clear and many studies are treating 
to investigate the different mechanisms regarding this issue. It is 
important to verify this result with other studies to improve the care 
and future treatment of patients because iron treatment is frequently 
used worldside. This knowledge can improve anemia management and 
avoid side effects. Thus, large multi-centered randomized controlled 
trials designed to evaluate both the short- and long-term safety of 
different IV iron dosing regimens are still required to determine the 
optimal iron therapy. 
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