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Abstract

Iron deficiency anemia (IDA) is the most common form of anemia worldwide and remains a significant health concern in
tropical countries where parasitic infections are endemic. Hookworm infestation is a leading but frequently overlooked
etiology due to its subtle clinical manifestations and limited routine parasitological testing. We describe two contrasting cases
of severe hookworm-related IDA from North Sulawesi, Indonesia: a 72-year-old woman and a 1-year-old infant. Both patients
presented with profound microcytic hypochromic anemia but without overt gastrointestinal bleeding. Laboratory evaluation
confirmed severe iron deficiency, while stool microscopy revealed hookworm eggs at early cleavage stages, establishing the
diagnosis. Despite similar causes, their clinical courses diverged. The infant, whose anemia was compounded by inadequate
weaning nutrition, responded rapidly to transfusion, iron supplementation, and single-dose albendazole. The elderly patient,
with chronic cumulative exposure from barefoot walking in rural areas, improved more slowly following transfusion,
prolonged iron therapy, and a short course of albendazole. These cases highlight the need for routine stool examination in all
patients with unexplained IDA in endemic areas, regardless of age. They further emphasize gaps in deworming programs,
which often exclude high-risk groups such as infants and older adults. Expanding preventive measures is essential to reduce
morbidity and long-term complications.
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1. Introduction

Iron deficiency anemia (IDA) is the most common type of  cially in low- and middle-income countries [2]. IDA is char-
anemia worldwide, accounting for over 30% of anemia cases  acterized by reduced hemoglobin synthesis due to inadequate
globally [1]. According to the World Health Organization iron availability, leading to decreased oxygen-carrying ca-
(WHO), approximately 1.62 billion people are affected by  pacity of red blood cells and clinical symptoms such as fatigue,
anemia, with iron deficiency being the leading cause, espe-  pallor, and reduced physical performance [3].
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One of the major, yet often neglected, causes of IDA is
chronic blood loss due to parasitic infections, particularly
hookworm infections caused by Ancylostoma duodenale and
Necator americanus. These soil-transmitted helminths (STH)
are endemic in tropical and subtropical regions, especially in
areas with poor sanitation and inadequate public health in-
frastructure [4]. It is estimated that over 400 million people
are infected with hookworms globally, with the highest bur-
den in sub-Saharan Africa, Southeast Asia, and Latin America
[5]. In North Sulawesi, recent local data underscore the con-
tinued relevance of this issue. A cross-sectional study con-
ducted at the Clinical Parasitology Laboratory in Manado
found that 50% of adult stool samples tested positive for
intestinal helminths, with hookworm infection identified in 35%
of all samples, the highest among detected species [6]. This
evidence demonstrates that STH infections, particularly
hookworm, remain a significant public health concern not
only in children but also in adults living in high-risk envi-
ronments such as rural and agricultural areas.

Hookworms cause anemia primarily through chronic in-
testinal blood loss. Adult worms attach to the mucosa of the
small intestine, feeding on blood and causing microbleeding
at the site of attachment [7]. Ancylostoma duodenale in par-
ticular is capable of consuming up to 0.2 mL of blood per day
per worm, which can lead to significant cumulative iron loss
in individuals with heavy worm burden [4]. The degree of
anemia correlates with the intensity of infection and the nu-
tritional status of the host [8].

Despite its public health significance, hookworm-induced
anemia is often underdiagnosed due to its insidious onset and
the non-specific nature of clinical symptoms. In many cases,
routine hematologic workups for anemia do not include par-
asitological stool examinations, especially in urban or hospi-
tal-based settings where parasitic infections are not immedi-
ately suspected [9]. This may result in delayed or inadequate
treatment.

In this report, we present two clinical cases of iron defi-
ciency anemia secondary to hookworm infestation, high-
lighting the importance of early recognition, laboratory di-
agnosis, and prompt treatment in patients from endemic re-
gions. These cases underscore the continued relevance of

parasitic infections as a cause of chronic anemia and the need
for integrating parasitological screening in the evaluation of
anemia in appropriate epidemiologic contexts.

2. Case Report

Case 1: Elderly Female

A 72-year-old female, a housewife living in a coastal rural
area of North Sulawesi, presented to a private type C hospital
in a regency in North Sulawesi with complaints of worsening
shortness of breath over the past several weeks. The patient
reported easy fatigability and reduced physical activity. No-
tably, she had a long-standing habit of walking barefoot both
inside and outside the home, including during gardening and
farming activities. She denied any overt gastrointestinal
bleeding, melena, or hematochezia. There was no history of
recent illness, chronic medical conditions, or use of
non-steroidal anti-inflammatory drugs.

On examination, her vital signs were within normal limits,
although she appeared pale and mildly tachypneic. Physical
findings included conjunctival pallor, brittle fingernails, and
mild pedal edema. A soft systolic flow murmur was auscul-
tated at the left sternal border. There was no evidence of
lymphadenopathy or hepatosplenomegaly. The rest of the
systemic examination was unremarkable.

Laboratory investigations (Table 1) revealed severe anemia
with an initial hemoglobin level of 4.3 g/dL and hematocrit of
15.1%, accompanied by low red blood cell (RBC) indices:
mean corpuscular volume (MCV) 67.9 fL, mean corpuscular
hemoglobin (MCH) 19.2 pg, and mean corpuscular hemo-
globin concentration (MCHC) 28.5 g/dL. The red cell distri-
bution width (RDW) was elevated at 18%, suggesting an-
isocytosis. Iron profile confirmed iron deficiency, with serum
iron 28 o/dL, transferrin saturation 10%, and total
iron-binding capacity (TIBC) of 282 pg/dL. Serum ferritin,
although within the lower normal range at 43.94 ng/mL, in-
dicated depleted iron reserves when interpreted in the context
of inflammation or chronic loss. Peripheral blood smear
(Figure 1) showed hypochromic, microcytic erythrocytes with
marked anisopoikilocytosis.

Table 1. Hematological and Biochemical Laboratory Results of Case 1.

Parameter Initial Result Follow-up Result Reference Range (female adult) Unit
Hemoglobin 4.3 7.0 12-16 g/dL
Red Blood Cells (RBC) 2.24 3.1 4.0-5.2 x<10%/uL
Hematocrit 15.1 23.1 36-46 %
MCV 67.9 745 80-96 fL
MCH 19.2 22.6 27-33 pg
MCHC 28.5 30.3 32-36 g/dL
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Parameter Initial Result Follow-up Result Reference Range (female adult) Unit
RDW 18.0 19.9 11.5-145 %
White Blood Cells (WBC) 8.6 3.7 4.0-11.0 x10%/uL
Neutrophils 86 - 50-70 %
Lymphocytes 8 - 20-40 %
Monocytes 5 - 2-8 %
Eosinophils 1 - 1-5 %
Basophils 0 - 0-1 %
Platelets (PLT) 161 218 150-400 =103/l
Serum Iron 28 - 60-170 Lo/dL
TIBC 282 - 250-450 jo/dL
UIBC 204 - - pg/dL
Transferrin Saturation 10 - 20-50 %
Serum Ferritin 43.94 - 15-150 ng/mL
Stool (Ova/Parasite) Positive (6-cell stage) - Negative -

Stool RBC/WBC 5-10/2-3 per LPF - - cells/LPF

A stool examination was performed due to epidemiological
suspicion. The stool specimen was examined using direct wet
mount microscopy with eosin stain. The sample appeared
yellowish-brown with soft consistency and showed 2-3 leu-
kocytes and 5-10 erythrocytes per low-power field (LPF),
suggesting mild intestinal inflammation and bleeding. Para-
sitological analysis revealed the presence of hookworm eggs
in the 6-cell cleavage stage (Figure 2). Based on clinical his-
tory, laboratory findings, and parasitological confirmation, a
diagnosis of severe iron deficiency anemia due to chronic
hookworm infestation was made.

Observed Under Oil Immersion (1000x Magnification)

Figure 1. Peripheral Blood Smear Showing Microcytic Hypo-
chromic Red Blood Cells with Anisopoikilocytosis.

The patient was treated with oral ferrous sulfate (325 mg
three times daily), along with albendazole 400 mg once daily
for 3 days. She received two units of packed red blood cells
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due to the severity of anemia and was advised on hygienic
practices, including wearing protective footwear. Nutritional
counseling was also provided. At a two-week follow-up,
repeat laboratory tests showed improved hemoglobin (7.0
g/dL) and hematocrit (23.1%), and increased platelet count
(218 x10%/L). The patient reported a marked improvement in
energy levels and resolution of shortness of breath.

Under Oil Immersion (1000= Magnification)

Figure 2. Hookworm Egg Observed in Stool Specimen Stained with
Eosin, Showing Six-Cell Cleavage Stage.

Case 2: Infant Male

A 1-year-old male infant was brought to the same hospital
by his parents due to pallor, lethargy, and poor feeding that
had progressively worsened over the past two weeks. The
parents reported increased irritability, reduced appetite, and
shortness of breath during mild activity. There was no recent
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history of fever, vomiting, or diarrhea. The child had not yet
received routine deworming and had recently transitioned
from exclusive breastfeeding to complementary feeding,
primarily consisting of rice porridge and other low-iron foods.

He resided in a lowland agricultural area with frequent soil
contact during play, although the family had access to basic
sanitation. There was no known history of genetic blood dis-
orders in the family.

On physical examination, the infant appeared pale and fa-
tigued, with signs of growth faltering. Conjunctival pallor and
palmar pallor were evident. A grade 11/VI systolic murmur
was heard on cardiac auscultation. Mild frontal bossing and
sparse hair were noted. Abdominal examination revealed no
organomegaly.

Initial laboratory findings (Table 2) revealed critical ane-
mia, with a hemoglobin level of 2.1 g/dL, RBC count of 1.63
x10%/uL, and hematocrit of 9.2%. RBC indices showed
marked microcytic hypochromic anemia: MCV 56.4 fL, MCH
12.9 pg, and MCHC 22.8 g/dL. RDW was significantly ele-
vated at 21%, indicating a wide variation in red cell size. The
iron profile showed serum iron of 37 pog/dL, low transferrin

saturation of 8%, and high TIBC of 491 pg/dL, confirming
iron deficiency. Serum ferritin was also low at 12.18 ng/mL.

The white blood cell (WBC) count was 10.3 <10%/uL with
relative eosinophilia (6.1%), suggesting a possible parasitic
infection. Stool examination showed soft yellow-brown feces,
with 1-2 leukocytes and 4-5 erythrocytes per low power field.
Hookworm eggs were detected in the 6-cell cleavage stage,
consistent with active infection.

Given the extremely low hemoglobin level, the infant re-
ceived an urgent transfusion of packed red blood cells. Oral
ferrous sulfate was initiated (6 mg/kg/day elemental iron), and
empirical albendazole (200 mg single dose) was administered
due to the confirmed hookworm etiology.

Follow-up after three days showed rapid hematological
improvement: hemoglobin rose to 10.2 g/dL, hematocrit to
34.1%, and RBC count to 4.3 <106/uL. The child’s energy and
appetite also improved significantly.

This case highlights the vulnerability of infants to severe
anemia from combined nutritional and parasitic causes and
emphasizes the need for early screening, deworming, and
nutritional support in endemic areas.

Table 2. Hematological and Biochemical Laboratory Results of Case 2.

Parameter Initial Result Follow-up Result Reference Range (Infant) Unit
Hemoglobin 21 10.2 9.6-13.5 g/dL
Red Blood Cells (RBC) 1.63 43 4.0-5.2 x<106/uL
Hematocrit 9.2 341 34-48 %
MCV 56.4 79.3 76-92 fL
MCH 12.9 23.7 23-31 pg
MCHC 22.8 29.9 32-36 g/dL
RDW 21.0 26.7 11.5-14.5 %
White Blood Cells (WBC) 10.3 124 5.5-17.5 ><103/pL
Neutrophils 48 - 22-46 %
Lymphocytes 36 - 37-73 %
Monocytes 10 - 2-11 %
Eosinophils 6 - 1-4 %
Basophils 0 - 0-2 %
Platelets (PLT) 294 213 150-400 =10%/uL
Serum Iron 37 - 40-100 Lo/dL
TIBC 491 - 250-450 po/dL
uIBC 454 - - g/dL
Transferrin Saturation 8 - 20-50 %
Serum Ferritin 12.18 - 20-200 ng/mL
Stool (Ova/Parasite) Positive (6-cell stage) - Negative -
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Parameter Initial Result

Stool RBC/WBC 4-5/1-2 per LPF -

3. Discussion

Both case reports describe patients diagnosed with severe
iron deficiency anemia (IDA) associated with hookworm
infection; however, the two cases differ significantly in age,
clinical presentation, contributing factors, and response dy-
namics to treatment. The first patient was a 72-year-old fe-
male, whereas the second was a 1-year-old male infant. This
age difference not only influences physiological iron re-
quirements but also affects the likelihood of comorbidities,
dietary habits, and exposure risks. The elderly patient likely
had chronic cumulative exposure to environmental risk fac-
tors, while the infant was vulnerable primarily due to nutri-
tional inadequacy and early parasitic exposure.

The adult patient presented with dyspnea and a history of
prolonged barefoot walking in a coastal rural environment, a
well-documented risk factor for hookworm infection due to
larvae penetration through the skin. In contrast, the infant’s
symptoms were dominated by pallor, poor feeding, and leth-
argy, with exposure likely occurring through contaminated
play environments despite access to basic sanitation. His iron
deficiency was multifactorial, caused by an unbalanced
weaning diet, early introduction of low-iron complementary
foods, and active hookworm infection confirmed by stool
microscopy and eosinophilia.

Both patients exhibited classic features of microcytic, hy-
pochromic anemia with markedly low hemoglobin (Hb 4.3
g/dL in the elderly, 2.1 g/dL in the infant), low mean cor-
puscular volume (MCV), and elevated red cell distribution
width (RDW), indicating anisocytosis and active marrow
response. However, the infant’s iron indices showed more
severe depletion: ferritin 12.18 ng/mL and transferrin satura-
tion 8%, compared to ferritin 43.94 ng/mL and saturation 28%
in the elderly. This may reflect a more acute iron loss or less
efficient iron recycling in infancy. Moreover, eosinophilia
(6.1%) was observed in the infant but not in the adult, further
supporting active parasitic infection in the younger patient.

For treatment, both patients responded well to transfusion
and oral iron therapy, combined with albendazole as antipar-
asitic treatment. The infant showed a rapid hematologic re-
covery, with hemoglobin increasing from 2.1 g/dL to 10.2
g/dL within three days, indicating robust bone marrow re-
sponsiveness. The elderly patient's recovery was more gradual,
as expected in older adults with chronic depletion.

Iron deficiency anemia (IDA) remains the most common
nutritional deficiency worldwide and is a major public health
problem, particularly in low- and middle-income countries [2].
Among the various etiologic factors, hookworm infection

Follow-up Result
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Reference Range (Infant) Unit

- cells/LPF

plays a significant but often under-recognized role, especially
in areas where soil-transmitted helminths (STHSs) are endemic
[10]. Hookworms, primarily Ancylostoma duodenale and
Necator americanus, attach to the small intestinal mucosa and
feed on blood, leading to chronic blood loss and iron depletion.
The burden of anemia correlates with the intensity of infection
and the host’s iron reserves [4]. In elderly individuals, cu-
mulative exposure to contaminated soil and reduced iron
absorption due to age-related gastrointestinal changes con-
tribute to the chronicity and severity of anemia [11]. In con-
trast, infants and young children are more susceptible to rapid
iron depletion due to increased iron demand for growth, die-
tary inadequacies, and immune immaturity, which allows for
earlier onset of symptomatic disease [12], as seen in our infant
patient with an initial hemoglobin level of only 2.1 g/dL.

A systematic review by Brooker et al. (2008) estimated that
hookworm infection contributes to over 3.2 million disabil-
ity-adjusted life years (DALYS) lost globally, largely due to
its impact on anemia. Its burden disproportionately affects
pregnant women, school-age children, and the elderly, un-
derscoring the need for targeted screening and prevention
strategies [13].

Diagnosing IDA due to hookworm requires a comprehen-
sive approach, integrating hematologic parameters and para-
sitological evidence. Complete blood count (CBC) findings of
microcytic, hypochromic anemia with elevated RDW are
characteristic, but non-specific. lron profile abnormalities,
such as low serum iron, low ferritin, elevated TIBC, and low
transferrin saturation, help confirm iron deficiency but do not
point to etiology [14, 15].

In our case series, stool examination was essential to es-
tablishing the diagnosis. Although ova detection was suc-
cessfully performed by direct microscopy with eosin staining,
egg quantification was not conducted. We acknowledge that
quantitative techniques such as the Kato-Katz or McMaster
method could provide valuable insight into infection intensity
and are recommended for future investigations.

The stool samples were also screened for other helminths
and protozoa; however, only hookworm ova were identified.
Nonetheless, co-infections with Trichuris trichiura, Stron-
gyloides stercoralis, or Giardia intestinalis may also con-
tribute to anemia and malabsorption and should be considered
in broader parasitological screening, particularly in endemic
regions.

Notably, in the elderly patient, parasitic infection was only
suspected after persistent hypochromic anemia with unex-
plained iron loss, while in the infant, eosinophilia prompted
stool examination, leading to the detection of hookworm ova.
These cases underscore not only the diagnostic value of rou-
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tine stool analysis in patients from endemic areas, even in the
absence of gastrointestinal symptoms, but also the importance
of close collaboration between clinical pathology and para-
sitology. Incorporating parasitic screening into IDA workups
is essential in such settings. Clinical laboratories play a central
role in raising suspicion of parasitic causes, particularly when
hematologic abnormalities are accompanied by mild eosino-
philia or subclinical inflammation [16, 17].

Diagnosing hookworm-induced anemia presents challeng-
es due to nonspecific symptoms such as fatigue, pallor, and
breathlessness, which may be attributed to aging or malnutri-
tion. Additionally, stool examinations are often omitted from
routine anemia workups due to limited resources or lack of
clinical suspicion [4, 7, 8]. In both reported cases, delayed
recognition of hookworm infection could have led to further
deterioration or ineffective treatment if empiric iron therapy
had been continued without addressing the parasitic cause. In
infants, IDA may also be misattributed to feeding issues or
infection. Similarly, older adults may be investigated for
gastrointestinal malignancies before considering helminthia-
sis. A high index of suspicion and awareness of local epide-
miology are therefore essential [8].

Both patients responded favorably to transfusion, oral iron
supplementation, and albendazole therapy, though their rates
of hematologic recovery differed significantly. The infant
showed a rapid rise in hemoglobin from 2.1 to 10.2 g/dL
within three days, reflecting a robust bone marrow response,
likely due to recent onset and high metabolic demand for
erythropoiesis. In contrast, the elderly patient demonstrated
slower improvement, consistent with age-related marrow
hypo-responsiveness, comorbid factors, and prolonged de-
pletion of iron stores. These differences highlight the im-
portance of age-specific monitoring and follow-up strategies.
Infants require nutritional rehabilitation and surveillance for
growth, while elderly patients may need longer-term iron
therapy and management of contributing gastrointestinal
conditions [18, 19].

In Indonesia, the national deworming program primarily
targets school-aged children with biannual mass drug admin-
istration. Adults and children under one year are typically
excluded [20]. In our report, neither the infant nor the elderly
patient had previously received deworming, indicating gaps in
program coverage. These cases underscore the need to
broaden national policies to include vulnerable, high-risk
populations beyond the school-age group.

Community engagement and public health education are
critical for helminth control. In the reported region, most
health promotion efforts are school-based or part of maternal

and child health programs, with limited outreach to the elderly.

Local health workers including village midwives and com-
munity volunteers (kader) play a central role in delivering
health education, encouraging sanitation practices, and facil-
itating early diagnosis. Strengthening their involvement could
enhance early detection and prevention [21, 22].
Hookworm-induced anemia is a preventable cause of

90

morbidity with substantial social and economic implications.
The WHO recommends periodic preventive therapy for chil-
dren aged 1-14 years, as well as women of reproductive age,
alongside iron supplementation, sanitation improvement, and
health education. In Indonesia, these recommendations are
operationalized through the national mass deworming pro-
gram (“Program Pemberian Obat Pencegahan Massal
Cacingan”), delivered via Posyandu and school-based activi-
ties. However, infants aged 12-23 months often receive in-
consistent coverage because deworming at Posyandu depends
on caregiver attendance and varies across regions, explaining
why the infant in our report had never received preventive
treatment despite falling within the WHO-recommended age
group. Meanwhile, older adults are not included in any routine
deworming program, despite ongoing exposure risks in rural
settings. These implementation gaps indicate that both infants
and the elderly remain vulnerable. Expanding coverage
through community health posts, ensuring uniform delivery of
preventive therapy, and integrating high-risk neglected groups
into national strategies are crucial to reducing the burden of
hookworm-related anemia in endemic areas [23-26].

4. Conclusion

These contrasting cases demonstrate how the same parasitic
etiology can present differently at the extremes of age, with
distinct clinical profiles and recovery patterns. They reinforce
the diagnostic value of stool microscopy, the need for clini-
cian awareness in endemic areas, and the importance of ex-
panding deworming strategies beyond the traditional focus on
school-aged children. Addressing these challenges requires
not only individual clinical vigilance but also stronger inte-
gration of parasitology into public health programs.

Abbreviations

IDA Iron Deficiency Anemia

WHO World Health Organization

STH Soil Transmitted Helminths

MCV Mean Corpuscular Volume

MCH Mean Corpuscular Hemoglobin
MCHC  Mean Corpuscular Hemoglobin Concentration
RDW Red Cell Distribution Width

TIBC Total Iron Binding Capacity

uiBC Unsaturated iron Binding Capacity
RBC Red Blood Cells

WBC White Blood Cells

PLT Platelet

CBC Complete Blood Count
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