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Effect of iron overload on prevalence
of common bacterial infection in
thalassemia patients

Fatma Abdulhamza Obed, Ali Mohammad Omran’, Khalid Sh. Jebur?

Abstract:

BACKGROUND: Thalassemia is the most common human monogenic disease in the world,
associated with several consequences, including recurrent infections, many studies have
demonstrated a high prevalence of infection among individuals with thalassemia accounting for
about 10% of cases.

OBJECTIVE: This study aimed to detect the effect of serum iron imbalance on the prevalence of
infection in thalassemia patients.

MATERIALS AND METHODS: This research was conducted in the Thalassemia Teaching
Department at Al Karama Hospital, between March and October 2023. The case—control study was
conducted by comparing 60 people with thalassemia with 60 other people who were not thalassemic
but suffering from fever and similar symptoms. Through examining urine, sputum, blood, and skin
swab samples, samples with a positive result for the bacteria were identified, their sensitivity to
antibiotics was examined, and these results were compared with the control group. Escherichia coli,
Klebsiella pneumoniae, and Staphylococcus aureus, three types of the most common bacteria were
chosen for testing due to the limited resources.

RESULTS: Control groups of 20 males and 30 females with a mean age of 20 + 4.5 years compared
to 60 nonthalassemia febrile patients classified into 34 males and 26 females with the same age
range as control groups. It was discovered that the majority of thalassemia patients are infected
with E. coli bacteria. It also depends in its infection rate on an imbalance in the level of iron in the
blood, whether it is increased, as in thalassemia, or decreased in cases of iron deficiency anemia
that E. coli bacteria is the type that most infects thalassemia patients.

CONCLUSION: Common species of bacteria responsible for infection in thalassemia patients
represented by E. coli, K. pneumoniae, and Staphylococcus aureus associated with serum iron level
changes highlighting the need for additional research into the impact of iron imbalance on infections.
The study found that imipenem and meropenem had a profound effect on the vast majority of bacterial
species involved in thalassemia.
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of the globin chain subunits of the Hbs
tetramer. They are the most common human
monogenic disease in the world.™ Although
thalassemia has been found in people
of every race and culture, it is especially
prevalent in a large swath of the world
spanning from the southern tip of Africa
through the Mediterranean and the Middle
East and Arabian Peninsula to the Indian

Introduction

halassemia is a group of hereditary
anemia caused by mutations in the

hemoglobin (Hb) gene clusters that slow
down the production of one or more
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subcontinent, India, and the rest of South and Southeast
Asia.”

The prevalence of beta-thalassemia carrying exceeds
1.1%.5! The prognosis of the condition is enhanced
by the administration of regular blood transfusions
and iron-chelating therapy!! that life expectancy
of individuals with homozygous p-thalassemia
has significantly increased from a mere decade to
approximately 30.5¢! Thalassemia is associated with
several consequences, including recurrent infections,
many studies have demonstrated a high prevalence of
infection among individuals with thalassemia accounting
for about 10% of cases.”™ The primary causes of
infection have been attributed to blood transfusions,
specifically involving hepatitis B and C viruses, hepatitis
G virus, cytomegalovirus,'>**human immunodeficiency
virus," and malaria.["”

Bacterial infections observed in individuals with
thalassemia were pneumonia, biliary tract infection,
soft-tissue infection, septicemia, and liver abscesses. The
bacteria most commonly isolated in these cases included
Klebsiella pneumoniae, Escherichia coli, Streptococcus
pneumoniae, Salmonella typhi, Yersinia enterocolitica,
and other Gram-negative bacteria®'”! usually lead to a
number of unusual complications.

Up to 40% of all healthcare-associated infections are
caused by urinary tract infections (UTIs), and the
prevalence of UTlIs varies by population. E. coli, the most
common pathogen responsible for UTIs, has been shown
to thrive in iron-rich environments, whereas clinical
research has not yet confirmed a definitive link between
iron burden and infection risk. However, it is evident that
iron overload makes a number of other microorganisms
more dangerous.

The reasons why people with thalassemia are
more likely to get sick from infections are not
well understood. Anemia, reticuloendothelial
system dysfunction due to iron and hemolyzed
erythroblasts, iron overload, and altered immune
response are all possible causes, as are splenectomy,
transfusion-related infections, and iron chelation*®!
The aim of this research is to ascertain the rate of
serious bacterial infections among individuals with
thalassemia and the correlation between iron levels
and their variations in blood serum and the prevalence
of bacterial infection.

Materials and Methods

Study design
A case—control research was conducted at the Al Karama
Teaching Center of Thalassemia in Baghdad, Iraq.
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Between March and October 2023, a study was conducted
with a group of 60 febrile patients with thalassemia. This
group was compared to a control group of 60 febrile
patients without thalassemia.

Inclusion and exclusion

The age range of the participants in both groups was
between 10 and 40 years, with complaint of signs and
symptoms of infection, especially fever. The current
inquiry involved the collection and analysis of urine,
blood, sputum, and stool samples to determine the
presence of bacterial growth.

The patients sought medical consultation either at the
outpatient clinic or the emergency unit of the hospital. The
inclusion criteria for this study consist of B-thalassemic
patients, specifically those with B-thalassemia major or
intermedia, who have a fever exceeding 37.4°C. These
patients have not used antibiotics in the 3 days before
the study and do not have any conditions that would
increase their risk of UTI, such as obstructive uropathy
or diabetes mellitus. The study excludes patients with
other hemoglobinopathy.

All participants, including both patients and the control
group, underwent blood examination. The blood testing
device used to do a complete blood count or hemogram
is called a hematology analyzer. The most accurate test
for determining the body’s iron levels is the ferritin test.
The iron status profile includes a ferritin test. There is a
clear relationship between the body’s total iron storage
and ferritin levels. A general urine examination and
urine culture/subheading title in examination. The
urine samples were obtained using the midstream urine
technique and stored in sterile universal containers. The
samples were evaluated within 15 min of collection.
Swabs were used to collect discharge from the pharynx,
nasal cavity, sputum, stool, and other diseases. Then,
inoculate the clinical samples into media that would
enrich, differentiate, and selectively grow the organisms
of interest.

Pyuria was deemed positive if there were more than
5 pus cell/m? and a pure colony count of 105/mL or
more was regarded as indicative of a positive culture. The
other media for different bacteria include deoxycholate
citrate agar for intestinal pathogens, mannitol salt
agar for staph bacteria, MacConkey agar, blood agar,
eosin-methylene blue agar (EMB) agar for Gram-negative
bacteria, cholate agar, and xylose-Lysine deoxycholate
agar for growth of salmonella and shigella.

After 24 h, the plates were examined for signs of bacterial
development. Gram staining was used to determine the
isolates” morphologies.
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Catalase, coagulase, IMViC, urease test, oxidase test,
O/F test, nitrate reduction test, triple sugar iron agar
test, CAMP test, PYRase test, bile solubility test, sugar
fermentation test, and many more biochemical tests were
performed to confirm the organism.

The Kirby-Bauer diffusion method was used to
determine the antibiotic susceptibility pattern of bacteria
on Mueller-Hinton agar, which involves plating bacteria
on a solid growth medium and then adding antibiotic
wafers (shown as white disks) to the plate. Overnight
bacterial growth in the presence of the antibiotic was
shown to be inhibited by the presence of clear media
around the disks. As the antibiotic diffuses more into
the media, the concentration of the antibiotic diminishes.
As a result, the clear bacteria-free zone around the disk
containing that antibiotic grows in size as the bacteria
become more sensitive to it (free to use; courtesy of
Wikipedia). Standard antibiotics were utilized in the
study,"”! and the inhibition zone was measured and
compared with the clinical standard manufacturer
guideline.

Ethical consideration
The Iraqi Council of Medical Specializations Review
Ethics Committee approved this study, and each patient
provided written informed consent before they were
enrolled in the research.

Statistical analysis

The statistical analysis was performed using the
Chi-square test (EPI info V3.5, Microsoft comp., USA),
the Statistical Package of Social Sciences Stati (SPSS, IMB
company, USA), and data presented as mean, standard
deviation, and range and presented by frequency and
percentage.

Results

In this study, 60 febrile thalassemic patients were
classified into 20 males and 30 females with a mean age
of 20 + 4.5 years compared to 60 nonthalassemia febrile
patients classified into 34 males and 26 females with the
same age range as control groups.

Table 1 presents the hematological assessment conducted
on male and female patients with B-thalassemia
major (BTM), in comparison to the control group.
The hematological parameters exhibited signs of
deterioration.

The occurrence of statuses was observed in both male
and female individuals among our fTM patients. The
male BTM patients exhibited severe anemia with a
mean hemoglobin level of 7.8 + 0.4 g/dL, whereas the
female PTM patients had a mean hemoglobin level of
7.2 £ 1.4 g/dL. In addition, both males and females
with BTM presented with significant iron overload, with
mean serum ferritin levels of 6124.4 + 3290 ng/mL and
6040.2 + 3872.0 ng/mL, respectively.

After comprehensive assessment was conducted,
encompassing the examination of the chest, abdomen,
tonsils, meningeal signs, and skin.

The clinical diagnosis of UTI was established in
individuals with signs and symptoms of UTI such
as abdominal pain, dysuria (painful urination), and
increased frequency of urination. The assessment
of individuals for indications and manifestations
of respiratory distress, as well as the utilization of
chest X-ray for individuals who are thought to have
pneumonia, is important diagnostic measures. Historical
analysis and physical examination were conducted,
accompanied by several diagnostic tests, to confirm or
rule out alternative diagnoses such as hepatitis, measles,
mumps, otitis media, and other potential conditions.
The final result of the diagnosis is in Table 2 with the
number of patients.

As shown in Table 3, there are 34 (56.6%) of infected
thalassemia patients had positive cultures whereas only
12 (20%) positive cultures were reveald in the control
group. Through culturing various samples, we notice
that the most common bacteria infecting thalassemia
patients is E. coli especially in the urine sample. The
percentage of different types of bacteria responsible for
various infections in thalassemia patients is mentioned
in Table 3.

Table 1: Haematological and age mean value evaluation in thalassemic patients and control groups

Parameter Male Female
Cases (n=20) Control (n=261) P Cases (n=34) Control (n=40) P
Age 20+5.5 34+8 20+2.2 20+2.2
CBC
WBC x109/L 36.4+26.8 7.5+1.5 <0.001 40+24.7 71x1.2 <0.001
Hb (g/dL) 7.8£0.4 13.9+2.7 <0.001 7.2+1.4 12.6+2.8 <0.001
PLT x10%L 603.6+208.6 261.0+37.2 <0.001 571.2+253.8 270.1+41.6 <0.001
Ferritin (ng/mL) 6124.4+3290 84.7+28.1 <0.001 6040.2+3872.0 40.1+36.2 <0.001

CBC=Complete blood count, WBC=White blood cell, Hb=Hemoglobin, PLT=Platelet
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Due to the constraints of limited resources and budgets,
I have chosen the most widespread bacterium for my
research in order to conduct an antibiotic susceptibility
test. The organism is Escherichia coli, K. pneumonia and
Staphylococcus aureus. The number of positive results for
was 16 and 9, respectively.

Discussion

Significant numbers of Iraqi people in Baghdad city
carry thalassemia variations of the HHB gene, making
thalassemia a serious public health issue in Iraq.

Prevalence estimates for the thalassemia gene in the
Baghdad city range from 2.6% to 4.3%, according to
prior studies.!'®!

In this case—control study, the primary objective was
to ascertain the prevalence of bacterial infections
among individuals with thalassemia major who were
receiving treatment at Al-Karama Teaching Hospital/
thalassemia center in comparison to the control group
of the same age group and complaints from symptoms
almost similar to that in thalassemia patients and
who visit the hospital for treatment of other diseases.
The basic clinical characters are detailed in Table 1.
Both male and female patients with fTM exhibited
deteriorated hematological profiles that severe anemia
and iron overload were reported in both male and
female in corresponding the control group. These
results are consistent with all research on hematological
value in thalassemia patients. Statistical analysis

Table 2: Common diseases diagnosed in both groups

Causes of fever Thalassemia Control
patients, n (%) patients, n (%)

Pneumonia 6 (10) 1(1.6)

uTl 12 (20) 7 (11.6)
Gastroenteritis 3(5) 13 (21.7)
Tonsillitis 1(1.6) 18 (30)
PUO 20 (30.3) 10 (16.6)
Nonspecific infection 10 (20) 8(13.3)
Abscess 8(13.3) 3(5)

UTI=Urinary tract infection, PUO=Pyrexia of unknown origin

revealed that there were no statistically significant
differences (P > 0.05) observed between males and
females This result is consistent with what was
reported in the Abdulomohsin MM ef al.[""]

Out of a total of 120 patients of both groups visiting
the hospital due to fever and symptoms of other organ
infections, which were diagnosed by the consultant
physician, as mentioned in Table 2. We note that
UTI represents most of the infections in compared
to the control group, thalassemic individuals have a
significantly higher incidence of UTIs (14% vs. 5%,
P =0001). This is an approach to the study in Thailand
by Wanachiwanawin!'!! the second-most common
infection is pneumonia as 10% incidence and this result
is lower than that of previous research!>*! and may be
due to the widespread use of pneumococcal vaccines
which became widely available, the number of cases
of pneumococcus disease dropped significantly.?!l
Furthermore, as a result of the large number of viral
lung infections that were considered nonspecific
infections.

Infections are a common problem for thalassemia
patients., with a significant proportion (more than 56%)
experiencing infections/replaced by/Thalassemia
patients frequently encounter infections, with a
substantial percentage (about 56%) experiencing such
illnesses. In the current investigation, a total of 60 febrile
thalassemia patients were examined, with 66% being
females and 34% being men.

The present study has assessed that a majority of
thalassemic individuals, specifically 56.6%, exhibited
positive blood cultures compared with the control
group of 20%. In a separate study conducted by Wang
et al., in 2003, it was observed that 22.5% of individuals
with thalassemia experienced episodes of bacterial
infection.!"”

The most common pathogens responsible for infection
in thalassemia were E. coli (35.4%), S. aureus (17.6%), and
Klebsiella (17.6%).

Table 3: Microorganisms causing different types of bacterial infection in both groups

Bacteria names

Percentage of positive cultures

Thalassemia patients (n=34), n (%) Control patients (n=12), n (%)
Escherichia coli 12 (35.4) 4 (33.3)
Klebsiella pneumoniae 6 (17.6) 3 (25)
Streptococcus pneumoniae 3(8.8) 0
Staphylococcus aureus 6 (17.6) 1(8.3)
Pseudomonas aeruginosa 3(8.8) 1(8.3)
Enterococcus 2(5.9) 2 (16.8)
Streptococcus pyogenes 2(5.9) 1(8.3)
Iraqi Journal of Hematology - Volume 13, Issue 1, January-June 2024 41
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In a related study conducted in Belgium, E. coli
was reported to be the most common cause of
Gram-negative bacteremia, whereas S. aureus
was the most common cause of Gram-positive
bacteremia among hemodialysis patients.??! Half of
the pathogens in thalassemia infections in Thailand
were Gram-negative bacilli such as E. coli and
K. pneumoniae. In this research, E. coli species proved
to be the most prevalent pathogens. Previous research
involving thalassemia patients from Asia confirms
that klebsiella.

There are three predisposing factors that can increase
the infection rate in individuals with thalassemia: the
chronic nature of the disease, splenectomy, and the
use of deferoxamine as an iron chelator.”! Another
study conducted in Saudi Arabia found that this
particular risk factor had no significant impact on the
prevalence of infection in individuals with thalassemia
major, Al-Zahrani et al.*! among the investigation
that was performed on the control group and was
not mentioned in the results, there were more than
half of the cases of positive E. coli culture had iron
deficiency anemia, perhaps the reason for this is that
iron deficiency also leads to an increase in infections,
this result revealed that iron imbalance either overload
or deficiency enhances E. coli infection but this need
farther study to prove it, Prol et al.”® where several
study explaining the effect of high serum iron on
bacterial growth, Hereditary hemochromatosis
and thalassemia are two examples of iron overload
illnesses that leave patients extremely vulnerable to
bacterial and fungal infections. 22!

Most important details that focused on, is the sensitivity
of Bacteria for different types of common antibiotics
used in Iraq.

We clearly notice the sensitivity of all types of bacteria that
appeared in the culture to epimenem and meropenem,
While the sensitivity of this bacteria to other antibiotics

varies to varying degrees [as mentioned in Table 4, and
also in Figure 1].

The most commonly isolated bacteria was E.coli
most often seen in urine samples (34.7%). It was
highly resistant to augmentin and third generation
cephalosporins and exhibited great sensitivity to
imipenem and meropenem. The second most common
bacteria found in cultured samples was K. pneumonia,
which is the most prevalent cause of pneumonia in
children and young adults, (20% of tests) Which
had nearly similar antibiotic sensitivity result of E.
coli, except for doxycycline, which revealed extreme
sensitivity. Similar findings were reported by Liao et
al.®! and Tabar et al.>

S. aureus positive culture in about 15% of results,
especially from skin samples where about 5% of this
growth comes from skin sample. The findings matched
those of a community-based study conducted in
rural Erbil;B" bacteria most frequently susceptible to
imipenem, meropenem, ciprofloxacin and nalidixic
acid, less sensitive to third cephalosporin generation
and rapidly evolves resistance to amikacin and
doxycycline.

antibiotic bacterial sensitivity
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Figure 1: Bacterial susceptibility to different antibiotics

Table 4: Antibiotic sensitivity and resistance pattern of Escherichia coli, Klebsiella pneumoniae, and
Staphylococcus aureus isolated from different sites of thalassemia patients

Antibiotics Escherichia coli Klebsiella pneumoniae Staphylococcus aureus
Sensitivity Resistence Sensitivity Resistence Sensitivity Resistence
Imipenem 100 0 100 0 100 0
Meropenem 100 0 100 0 100 0
Ciprofloxacin 93.75 6.25 93.75 6.25 715 28.5
Amikacin 87.5 12.5 100 0 57 43
Amoxicillin-clavulanic A 12.5 87.5 18.5 81.25 28.5 71.5
Cefixime 12.5 87.5 22 78 60 40
Cefotaxime 12.5 87.5 44.4 55.6 50 50
Doxycycline 43.75 56.25 100 0 14 86
Nalidixic A 40 60 50 50 85 15
42 - Volume 13, Issue 1, January-June 2024
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Conclusion

The study’s findings are consistent with those of other
studies looking at the link between elevated iron levels
and an increased risk of bacterial infections, but it also
shows that low iron levels often accompany UTIs,
highlighting the need for additional research into the
impact of iron imbalance on infections. Found that
imipenem and meropenem had a profound effect on the
vast majority of bacterial species involved in thalassemia.
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