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1. INTRODUCTION

Isolated neutropenia without anemia or thrombocytopenia is
a common clinical problem [1]. Neutropenia is the reduction in
the absolute number of circulating neutrophils (ANC), taking into
account that normal neutrophil counts may vary according to age
and ethnicity [2].

The etiology of neutropenia may vary from transient bone marrow
suppression, caused by self-limited viral illnesses, to previously
undiagnosed congenital syndromes or serious systemic diseases
[3]. Consequently, determining the underlying cause of neutro-
penia and what treatment is required can be challenging. This
mini-review discusses a proposed approach to neutropenia in the
adult patient.

2. NEUTROPENIA: DEFINITION

Leukopenia comes from the greek words “Aevkd¢” meaning white
and “mevia” meaning deficiency. Usually, the term leukopenia is
used interchangeably with the term neutropenia because the neu-
trophil counts are the most important for the prevention of infec-
tions [4]. Evaluation of a patient with neutropenia should take into
account how acutely neutropenia developed, the duration and clin-
ical symptoms associated with it and, finally, the age and general
condition of the patient [1-4].

Neutrophil production is controlled by various factors, mainly
granulocyte colony-stimulating factor (G-CSF), granulocyte/
macrophage CSF and IL-3. The rate of neutrophil production
depends on the rate of apoptosis; their clearance by macrophages
stimulates IL-23 production. IL-23 results in IL-17A production,
which eventually leads to G-CSF secretion [4].
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Neutropenia can be mild (when the ANC is 1000-1500/uL), mod-
erate (ANC 500-1000/uL), or severe (ANC <500/uL) [5]. We clas-
sify neutropenia as very severe when the ANC is less than 200/uL.
Categorizing neutropenia severity based on the ANC is useful in
order to determine those patients with increased risk of possible
life-threatening infections (Table 1). In children up to 12 months
of age the lower limit of the normal ANC is 1000/puL; In older chil-
dren and in adults, it is 1500/uL. Individuals from some ethnic
groups (mainly African and some Middle-East populations) may
have lower neutrophil counts [6]. Patients with severe or very
severe febrile neutropenia should be admitted to the hospital, irre-
spectively of the potential causes, and broad-spectrum antibiotics
should be administered before a definite cause of the neutropenia
is determined [7].

Neutropenia can be acute or chronic [2]. When neutrophil con-
sumption is quick, and their production is impaired, acute neu-
tropenia may present even after a few days. If it lasts more than
3 months and is confirmed on at least three samples taken over sev-
eral weeks we define neutropenia as chronic. Chronic neutropenia
results from reduced neutrophil production, increased destruction,
or excessive splenic sequestration.

3. WHAT CAUSES NEUTROPENIA?

In the majority of cases, neutropenia is secondary to causes extrin-
sic to bone marrow myeloid cells; less frequently it can be an
acquired disorder of myeloid progenitor cells and, rarely, it is an
intrinsic defect of the proliferation and maturation of myeloid pro-
genitor cells [8,9].

Congenital neutropenia can be classified as ethnic, benign familial,
cyclic and severe congenital neutropenia [10]. Usually, benign famil-
ial neutropenia and ethnic neutropenia are mild, without a history of
recurrent infections [11]. Neutropenia can be encountered in some
Mediterranean and African populations; a polymorphism in the
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Table 1 Most common sites of infection and pathogens isolated in
neutropenic patients

Most common sites of infection in patients with neutropenia
Skin or soft-tissue infections
Necrotizing cellulitis
Bloodstream infections
Catheter-related infections
Neutropenic enterocolitis

Most common pathogens isolated in patients with neutropenia

Gram-positive cocci and bacilli
Staphylococcus aureus
Coagulase negative: Staphylococcus epidermidis and others
Streptococcus pneumoniae
Streptococcus pyogenes
Enterococcus faecalis/faecium
Corynebacterium sp.
Gram-negative bacilli and cocci
Escherichia coli
Klebsiella sp.
Pseudomonas aeruginosa
Enterobacter sp.
Proteus sp.
Salmonella sp.
Haemophilus influenzae
Acinetobacter sp. Stenotrophomonas maltophilia

Anaerobic cocci and bacilli
Bacteroides sp.
Clostridium sp.
Fusobacterium sp.
Propionibacterium sp.
Fungi’
Candida spp. (Candida kruzei, Candida glabrata)
Aspergillus spp.

"As the duration of neutropenia increases, the risk for invasive fungal infections increase,
and include: Invasive Candidiasis, Invasive Aspergillosis (Pulmonary aspergillosis),

Mucormycosis, trichosporonosis, fusariosis and cryptococcosis (less common).

Duffy antigen receptor complex (DARC) gene has been identified,
but the mechanistic association of neutropenia with this polymor-
phism is unknown. Familial benign neutropenia is phenotypically
similar to ethnic neutropenia. It is usually hereditary, but sporadic
cases have also been described. No gene involvement has been
detected up to date.

Severe congenital neutropenia (SCN) is characterized by agran-
ulocytosis and recurrent, severe infections that begin during
infancy [12]. Mutations in several neutrophil-specific genes (more
common ELANE and HAX1) have been described. SCN carries a
10-30% lifetime risk of developing acute myelogenous leukemia
[13]. Prognosis has been improved by the routine administration
of G-CSE.

Cyclic neutropenia (CN) is a rare congenital disease characterized
by episodes of self-limited neutropenia that recur every 2-5 weeks
[14]. The syndrome is usually of mild severity, although some
patients can develop infections or oral ulcers during their neutro-
phil nadir. Cyclic neutropenia is an autosomal dominant syndrome
which, like SCN, has been shown to result from mutations in the
ELANE gene; such mutations are encountered in almost 100% of
the patients. Unlike SCN, there is no increased risk of developing
AML. An interesting observation is that the same mutation has
been described in family members and some of them develop SCN

and others cyclic neutropenia. It is not understood how a single
mutation can lead to different phenotypes. CN is usually associated
with a mild phenotype and can often be diagnosed in adults. If CN
is suspected, twice weekly blood counts for 4-6 weeks may estab-
lish the cyclic pattern observed in this disease. Usually, we need to
reassure the patients that they are not at risk of developing acute
leukemia. Neutropenia can also be found as part of the spectrum of
other congenital syndromes like Shwachman-Diamond Syndrome,
Fanconi anemia, or Dyskeratosis Congenita [1,10].

Acquired neutropenia is significantly more common than the con-
genital form. Various infections, drugs and autoimmune diseases
have been implicated in the etiology of acquired neutropenia [1,3].
Although all infections can potentially be associated with neutro-
penia, it is viral infections which most commonly decrease neutro-
phil counts. Epstein-Barr virus (EBV), human immunodeficiency
virus (HIV), hepatitis viruses, Variccela-zoster virus, rubella, mea-
sles, influenza, Brucella, rickettsial, and mycobacterium infections,
all can be accompanied by neutropenia (Table 2) [15-22]. In most
infections, the neutropenia is usually brief and self-limited, but in
EBV and HIV infections neutropenia can be prolonged [21,22].
Severe sepsis can result in neutropenia, usually because of exhaus-
tion of the granulocyte reserves; this has been associated with a
poor prognosis [23].

Drugs represent one of the most common causes of neutropenia
[24,25]. There is a long list of drugs that can be associated with neu-
tropenia; the most common are non-steroidal anti-inflammatory
drugs, antibiotics (semisynthetic penicillins, and cephalosporins),
ticlopidine, carbimazole, antipsychotics, diuretics, and anti-epileptic
drugs. Rituximab is a drug that is widely used in many hematolog-
ical and autoimmune diseases; it can be associated with neutro-
penia during treatment or with a late-onset neutropenia [26,27].
Drug-induced neutropenia can range from mild to idiosyncratic
agranulocytosis. Patients who develop early neutropenia/agran-
ulocytosis while taking drugs known to be associated with this
problem should discontinue the drug, though, if the neutropenia is
mild, drug maintenance can be considered under close monitoring
of the ANC [28].

Table 2 Infectious causes of neutropenia. Viral and parasitic infections
can cause mild, moderate or severe neutropenia

Type of Severe Mild (1000-1500/L) to
infection neutropenia  moderate (500-1000/L)
(<500/L) neutropenia
Viral Epstein-Barr *
Cytomegalovirus *
HIV # #
Hepatitis ®
Influenza *
Parvovirus B19 *
Sars-CoV2 %
Typhoid *
Tuberculosis * *
Rickettsial *
Tularemia *
Paratyphoid * *
Parasitic ~ Plasmodium *
vivax
Plasmodium *
falciparum
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Most of the common dietary deficiencies that cause cytopenias are
usually associated with pancytopenia rather than isolated neutro-
penia [29,30]. Folate, vitamin B12, and copper deficiency often are
accompanied with neutropenia of variable severity. Deficiency of
the former two is usually characterized by megaloblastic anemia
and thrombocytopenia [31]. Copper deficiency should be consid-
ered in patients who have any history of malabsorption or gastric
surgery [32]. Anorexia nervosa is usually associated with mild
neutropenia [33].

Autoimmune neutropenia can be primary or secondary, and is
more often mild to moderate in severity [34]. Primary autoim-
mune neutropenia develops during the first year of life and usually
resolves by the second year. No special treatment is required; usu-
ally antibiotics for infections and G-CSF to increase ANC counts
are used until resolution. Secondary autoimmune neutropenia is
associated with other autoimmune diseases (i.e. systemic lupus ery-
thematosus or rheumatoid arthritis) [35]. Flares of the underlying
disease can trigger neutropenia; however, this neutropenia usually
responds to steroids or intravenous gamma globulin. In Felty syn-
drome, splenomegaly is found and neutropenia can be severe; at
present, Felty syndrome is rarely seen because of early treatment of
rheumatoid arthritis [36].

In any patient with unexplained neutropenia we need to exclude
bone marrow dysplasia, or marrow infiltration by neoplasms such
as leukemia, lymphoma or myeloma [37]. Chronic idiopathic
neutropenia is a diagnosis of exclusion if all other sought causes
have been ruled out [38]. The pathogenesis of the disease is so far
unknown, but it shares abnormalities with aplastic anemia; the
presence of activated T cells in the circulation and oligoclonal T
cells, increased TNF-o and TGF-/3, increased apoptosis in the bone
marrow, increased levels of FLT3 ligand, and increased TLR4 in
monocytes leading to increased levels of inflammatory cytokines
are some of the abnormalities described and characterize the dis-
ease. It is common in the Greek island of Crete, but the ANC are
rarely less than 800/pL. The bone marrow smears and cytogenetics
are normal, and only sometimes hypoplasia in the myeloid precur-
sors can be seen [39].

4. HOW WE APPROACH A PATIENT
WITH NEUTROPENIA?

Management of an adult patient presenting with neutropenia will
be dictated by his/her general condition. If the patient is febrile,
acutely ill and his/her vital signs show signs of sepsis, he/she should
be immediately admitted to the hospital and broad spectrum anti-
biotics should be initiated [40]. The initial management will not
require knowledge of the exact cause of the neutropenia if the
condition is critical. Following stabilization of the patient, an algo-
rithm, potentially leading to the diagnosis, is followed (Figure 1).
A detailed medical history will reveal usage of drugs and, when
available, previous complete blood counts will determine for how
long the patient has been neutropenic. History of infections, or any
previous hospitalizations due to infections, as well as the site of
infection (e.g., otitis, sinusitis, soft tissue infections) will help with
the diagnosis. Any history of malnutrition or malabsorption, and
history of gastric surgery should be considered.

Perhaps the most important cause of neutropenia is drugs
[41]. Medications are believed to account for 70% of all cases of

neutropenia. One should consider recent initiation of any medi-
cation, including over-the-counter anti-inflammatory and herbal
formulations. Discontinuation of all drugs suspected to be respon-
sible for the observed neutropenia should be one of the first steps
in patient management. Drug-induced agranulocytosis may be fatal
with mortality rates as high as 12-25%. Usually, experts suggest
that neutropenia in an adult should be considered drug-induced
until proven otherwise [8]. If there is no drug or recent infection
exposure, other causes of neutropenia as previously described
are considered. Dietary causes and autoimmune diseases, which
usually present with cytopenias in more than one lineage,
should be considered in the initial evaluation. Weight loss,
fever or night sweats should prompt an evaluation to exclude an
underlying malignancy where neutropenia can be prominent.
A gradual decline in neutrophils can be associated with infection,
autoimmune disease, malignancies, or drugs. If splenomegaly is
present, exclusion of cirrhosis, sarcoidosis, and glycogen storage
diseases among others, is indicated.

The initial screening must include a complete blood count and bio-
chemical profile, including renal and liver function tests, along with
a peripheral blood smear examination. For patients with minimal
or no symptoms of infection or other illnesses, serial blood counts
twice a week for 4-6 weeks are recommended. If a cyclic pattern
is present, the diagnosis of cyclic neutropenia is established. All
patients should be tested for HIV and hepatitis viruses, along with a
basic autoimmune profile (anti-nuclear antibodies and rheumatoid
factor) C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR). Even in the absence of lymphocytosis, peripheral blood
flow cytometry analysis can be helpful in some instances to exclude
large granular lymphocytosis/leukemia [42]. Bone marrow aspi-
ration and core biopsy are considered mandatory if neutropenia
does not resolve after discontinuation of drugs to (exclude myel-
odysplastic syndromes, leukemia, or other malignancy), or if any
other cause of neutropenia is not prominent. A sample from bone
marrow aspirate should be used for karyotype and flow-cytometry
analysis. Infectious causes such as mycobacterium and fungi can
also be evaluated if present in the bone marrow biopsy.

The clinical significance of anti-neutrophil antibodies is not clear
and, even if the result is positive, their role cannot be predicted
[43]. Five different types of neutrophil antigens can be examined
(HNA1-5). Their presence in chronic idiopathic neutropenia and
in neutropenia associated with other autoimmune diseases is
common. On the other hand, false positive results are frequent,
due to increased Fc receptors on neutrophils, increased tendency
of neutrophils to spontaneous fluoresce, and increased tendency of
neutrophils to aggregate in vitro. They can also be found in healthy
subjects with no history of autoimmune disease or neutropenia.
It is noteworthy to mention that there is no correlation between
anti-neutrophil antibodies and response to treatment with immu-
nosuppressive agents.

5. HOW TO TREAT THE NEUTROPENIC
PATIENT?

In most cases, no specific treatment is needed for patients with
neutropenia [44]. The first step in the management is discontinu-
ation of all drugs that can be associated with neutropenia. Usually,
treatment of the underlying disorder results in increased ANC, and
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Figure 1 How to approach and diagnose neutropenia in an adult patient. PB, peripheral blood; BM, bone marrow; CMYV, cytomegalovirus; tx, treatment;
B12, vitamin B12; FA, folic acid; Cu, Cooper; ANA, anti-nuclear antibody; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptides; LGL, large
granular lymphocytic leukemia; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; CBC, complete blood count; f/c, flow cytometric analysis.

the neutropenia resolves. In autoimmune neutropenia, low dose of
cyclophosphamide or methotrexate has been shown to be useful.
If the patient is febrile with septic symptoms, admission to the
hospital is required, regardless of the cause of neutropenia. Broad
spectrum antibiotics are administered to cover for all possible
pathogens (Table 1).

The use of G-CSF is reserved for patients with severe infections
[45]. If recurrent skin, soft tissue infections or ulcers occur, G-CSF
can also be given. In any case, the minimum necessary doses of
G-CSF are administered in order to maintain an ANC count
between 250 and 300/uL. The use of G-CSF is not associated with
leukemic transformation in chronic neutropenia.
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6. CONCLUSION

In summary, acquired neutropenia is common and most of the
times an etiologic factor can be found. Congenital neutropenia is
rare, and we still have a lot to learn from mutational analysis as to
the exact role of gene abnormalities in the pathogenesis of these
complex diseases.
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