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Infections and their complications are the most 
prevalent comorbidity in transfusion-dependent MDS 

Transfused MDS patients have a higher prevalence of cardiac events, diabetes mellitus, 
dyspnoea, and hepatic and infectious diseases than non-transfused MDS patients  

Goldberg SL, et al. J Clin Oncol. 2010;28:2847-52. 
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Non-relapse mortality (incl. infections) increases 
with pre-transplant serum ferritin level 

SCT, stem cell transplantation. Alessandrino EP, et al. Haematologica. 2010;95:476-84. 
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Survival and non-relapse mortality in MDS patients undergoing 
allogeneic stem cell transplantation 



Increased tissue iron stores (MRI) but not ferritin levels 
predict an increase of non disease related mortality in 
patients after bone marrow transplantation 

Wermke et al. Clin Canc Res 2012 



Increased liver iron  content (LIC) is linked to 
increased NDR mortality in HSCT- patients 

Wermke et al. Clin Canc Res 2012 



Higher ferritin levels are assocaited with 
increased risk of infection in Kidney Tx patients 

Fernandez-Ruiz  et al NDT 2013 



Association between serum ferritin and risk of infection in 
dialysis patients 

Ishida et al. Seminars in Dialysis 2014 



Association between serum ferritin and risk of bacterial 
infection in dialysis patients– cont. 

Ishida et al. Seminars in Dialysis 2014 



Iron at the host–pathogen interface 

IFN-γ, interferon-gamma; iNOS, inducible nitric oxide synthase. 

Control of iron homeostasis may be important in the course of an infection 

n  Essential for growth and 
proliferation of several microbes 

n  Expression of iron acquisition and 
siderophore systems is linked to 
microbial pathogenicity 

Exerts subtle effects on cell-mediated 
immunity in vitro (macrophage effector 
pathways, IFN-γ activity, iNOS 
expression) 



Iron loading impairs macrophages’ ability 
to kill intracellular pathogens 

MEF, macrophage effector function. 

Bellmann-Weiller et al. Immunobiology 2010 and 2013; Fritsche G, et al. J Infect Dis. 2001;183:1388-94. 
Fritsche G, et al. J Immunol. 2003;171:1994-8. Mair SM, et al. J Infect Dis. 2011;204:685-94. 
Oexle H, et al. J Leukoc Biol. 2003;74:287-94. Weiss G, et al. Exp Hematol. 1992;20:605-10. 

Weiss G, et al. EMBO J. 1993;12:3651-7. Weiss G, et al. J Exp Med. 1994;180:969-76. 
Weiss G, et al. Immunol Today. 1995;16:495-500. Weiss G, et al. J Infect Dis. 1997; 1998,1999,2001; 

Nairz et al. Cell Microbiol 2007 and 2009, Eur J Immunol 2008; 
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Iron overload also negatively affects neutrophil function and phagocytosis 



Iron alters the TH1–TH2 balance 

IL, interleukin; TNF-β, tumour necrosis factor-beta. Weiss et al. Immunol.Today 1995 
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Iron overload alters the TH1–TH2  
immune response 

* p < 0.01. 
IL, interleukin; TH, T-helper (cell). Mencacci A, et al. J Infect Dis. 1997;175:1467-76. 
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Effect of iron and zinc supplementation 
on health in children in Pakistan 

Soofi et al. LANCET 2013 

Prospective comparative study with approx. 900 children in each group  
(No supplement and iron Suppl. with/without zinc)  



Dietary iron supplementation increases 
mortality in children in Eastern Africa 

Sazawal S, et al. Lancet. 2006;367:133-43. 

Children who received iron and folic acid with or without zinc were 12% more likely to die (p = 0.02) 

0.015 

0.010 

0.005 

0 
0 200 400 600 

0 200 400 600 

0.08 

0.06 

0.04 

0.02 

0 

0.006 

0.004 

0.002 

0 
0 30 60 90 120 150 180 

0 30 60 90 120 150 180 
0 

0.04 

0.03 

0.02 

0.01 

Time since enrolment, days 

C
um

ul
at

iv
e 

ha
za

rd
 p

ro
ba

bi
lit

y 

Mortality Mortality with right censorship 
at 180 days 

Hospital admission Hospital admission with right 
censorship at 180 days 

Iron and folic acid 
Iron, folic acid, and zinc 
Control 



Iron deficiency protects from malaria and decreases 
the incidence of subsequent malaria episodes 

n Prospective study with 785 children in 
Tanzania enrolled at birth  

Gwamaka et al. J Infect Dis 2012 



Iron deficiency decreases all- 
cause (A) and malaria associated 
mortality (B) in children 

c G. Weiss  Gwamaka et al. J Infect Dis 2012 



n  Viral 
–  hepatitis C: iron impairs TH1-mediated immune effector pathways against 

HCV,1 impairs the clinical response to IFN-α,2 and stimulates HCV 
translation3 

–  HIV: there is a negative association between iron status and HIV 
progression4 

n  Fungal 
–  Aspergillus fumigatus: expression of fungal iron uptake systems and iron 

availability are linked to pathogenicity5  

–  Candida infection in mice is negatively affected by iron6 

n  Bacterial 
–  Mycobacterium tuberculosis and Salmonella typhimurium: negative effect 

of iron on disease progression and immune function7 

–  treatment of staphylococci with lactoferrin 
1. Weiss G, et al. J Infect Dis. 1999;180:1452-8. 2. Pietrangelo A. Gastroenterology. 2003;124:1509-23.  

3. Theurl I, et al. J Infect Dis. 2004;190:819-25. 4. Gordeuk VR, et al. J Clin Virol. 2001;20:111-5.  
5. Schrettl M, et al. J Exp Med. 2004;200:1213. 6. Mencacci A, et al. J Infect Dis. 1997;175:1467-76. 

 

Some infections affected by 
iron perturbations 

7. Fritsche G, et al. J Immunol. 2003;171:1994-8. 
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NO produced by NOS2 inhibits central metabolic pathways in Salmonella 
directly and also activates Fpn1-mediated iron export via Nrf2. 

The subsequent reduction of intracellular iron levels restricts the availability 
of iron to intracellular microbes and enhances TNF-α and IL-12 production.  

Nairz et al.  J Exp Med. 2013 

INNATE RESISTANCE MECHANISMS PROTECT FROM INTRACELLUALR 
INFECTION BY AFFECTING MICROBIAL IRON AVAILABILITY 



Iron metabolism is differently handled according to the 
location of the pathogen 

High hepcidin is protective in infections with extracellular pathogens versus  
low hepcidin (FP-1 mediated iron egress) is beneficial in infection with intracellular pathogens 

H Drakesmith, and A M Prentice Science 2012;338:768-772 



Iron therapy in dialysis patients 
Prospective study investigating the incidence of 

infectious complications in ESDR patients receiving 
i.v. iron therapy 

Group 1: ferritin< 100ng/ml and TfS <20% 
Group 2: ferritin> 100ng/ml and TfS >20% 
Observation-period: one year 
 
Frequency of sepcticemia in group 2 was 2.5-fold higher 

than in  group 1 

Teehan et al. Clin Infect Dis;2004. 

Too much iron may be harmful in ACD!  



Meta-analysis – Effects of IRON Therapy 

•  Systemic analysis of randomized controlled trials between 1966 and 
2012 

•  72 studies including 10 605 patients provided quantitative outcome 
data for meta-analysis. 

 
•  Intravenous iron was associated with an increase in haemoglobin 

concentration and a reduced risk of requirement for red blood cell 
transfusion  

•  Intravenous iron was, however, associated with a significant increase 
in risk of infection (relative risk 1.33, 95% confidence interval 1.10 to 

   1.64) compared with oral or no iron supplementation. The results 
     remained similar when only high quality trials were analysed. 

Litton et al. BMJ 2013 



•  retrospective cohort study of hemodialysis patients to 
compare the safety of bolus dosing with maintenance 
dosing 

•   Using clinical data from 117,050 patients of a large US 
dialysis provider (776,203 exposure/follow-up pairs) 

•  Follow up  three month 
•  13% involved bolus dosing, 49% involved maintenance 

dosing, and 38% did not include exposure to iron  
 
 
 
Brookhart et al. J Am Soc Nephrol 24: 1151–1158, 2013. 

Bolus versus maintenance iron dosing in 
ESRD patients 



Brookhart et al. J Am Soc Nephrol 24: 1151–1158, 2013. 



„Iron and infection“ appear to me more 
complicated 

n    both severe iron deficiency 
and iron loading may be of 
disadvantage  



Association of iron status with failure of anti-tb treatment 

Isanaka S,, et al. (2012) Iron PLoS ONE 7(5): e37350. doi:10.1371/journal.pone.0037350 



Isanaka et al. J Nutr 2012 



Both (severe?) iron deficiency and iron 
overload exert deterimental effects 

mechanisms?   
•  iron deficiency– impaired immune cell proliferation,  

  malnutrition 
•  iron overload: inhibition of innate immune function,  

  feeding of pathogens 
 
•  Different effects depending on the underlying pathogen and 

 specific situation in regard to the risk for infections 
 
•  Caveat- definition of:  „iron  overload“/iron deficiency –  

  
What does an increased ferritin level tell us? 
true iron deficiency/loading vs. functional/inflammation driven 

iron misdistribution vs. Immune exhaustion 



Both iron deficiency and iron loading may 
be deterimental in infection 

 Drakesmith H et al Science 2012 



Iron therapy and infection 

•  Iron deficiency appears to be protective in some but deterimental for 
other  infections 

•  Iron treatment/overload may exacerbate specific chronic infections  
or increase the susceptibility to infections 

- Effect of iron therapy on the course of chronic infections 
•   hepatitis C (B?) 
•   latent tuberculosis? 
•   chronic bacterial infections (joints, lung, katheter)? 
•   microbiom– secondary effects?! 

 



Ishida et al. Seminars in Dialysis 2014 

Conclusion 


