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Abstract:

Leukemoid reactions are abnormal reverse reactions of blood with morphological signs similar to leukemic or sub-leukemic

manifestations, but with different pathogenesis of these hematological changes.The article presents cur-rent views on etiology,
pathogenesis, presentation and clinical manifestations in relation to etiological factors, diagnosis guidelines and differential diagnosis
of leukemoid reactions in children, as well astherapeutic approach in these conditions..
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INTRODUCTION

Leukemoid reaction (LR) is a secondary symptomaticre-
versible change of the "white blood" in response to a stimu-
lus. So it is a reactive, functional condition of hematopoi-
etic, lymphatic and immune systems secondary to various
diseasesaccompanied by the development of immature
white blood cellsin the peripheral blood, which number-
may exceed 50000 per 1 mm3. Thus, LR is an abnormal
reaction of blood with morphological signs similar to leu-
kemic or subleukemic manifestations, but with different
pathogenesis of these hematological changes.

As reactive changes in blood are similar to hematological
malignancies, it is important to differentiate themfrom
leukemia. The causes of leukemoid reactions are usually
evident with marked clinical signs (e.g., inflammation).
Changes in blood are transient and blood levels return to
normal when the causes disappear. There are no signs of

inhibition of normal hematopoiesis.
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Due to general consistent patterns and presentation of
certain leukemoid reactions, their basic differences from
leukemia are as follows: leukemoid reactions are mostly
triggered by bacterial or viral infections, emergency stress
irritants and also by variousbacterial and nonbacterial

pathogens, causing sensitization.

Etiology and pathogenesis

Leukemoid reactions of myeloid type develop in various
infectious and noninfectious processes, septic conditions,
endogenous and exogenous intoxications, severe injuries
and acute hemolysis. They can particularly be observed in

various infections (sepsis, tuberculosis, purulent processes,

lobar pneumonia, scarlet fever, mumps, dysentery),
intoxication (therapeutic intoxication, including
sulfanilamide drugs, azotemia, uremia), Chlamydia,

metastatic tumors of the bone marrow, ionizing radiation

(radiotherapy).

Leukemoid reaction of lymphocytic and
lymphomonocytictypes can be observed in infectious
mononucleosis, whooping cough, chicken pox, scarlet

fever, rubella, tuberculosis, poisoning. Individualreactivity
in children plays a great role in the development of
leukemoid reactionswith the exception of specific factors
(viruses, helminths, toxins, infectious agents).

It should be noted that development of solid tumors is also
often accompanied by neutrophilic leukemic reactions

accompanied by thrombocytosis, thrombocytopenia and
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erythrocytosis.
The main link in LR pathogenesis is activation of normal
blood

toperipheral blood (reactive hyperplasia of leukopoietic

hematopoiesis and excessive cells output
tissue) and output of immature blood cells into peripheral
blood.

Classification

Leukemoid reaction can be classified according to the
course of the diseaseand the type of irritation hematopoi-
etic lineage of the bone marrow.

According to the course of the disease LRsare divided into:
- Phase of expressed manifestations

- Phase of recession

- Phase of normalization with trace reactions

Accordingto the type of irritation hematopoietic lineage of
the bone marrow LR sare divided into:

1. Reactions of myeloid type

1.1. Neutrophilicleukemoid reactions

1.2. Eosinophilic leukemoid reactions

2. Reactions of lymphoidtype

2.1. Lymphomonocyticleukemoid reactions

2.2. Lymphocytic leukemoid reactions

2.3. Plasmocyticleukemoid reactions

2.4. Leukemoid reaction with blast cells

3. Secondary (reactive) thrombocytosis

4. Secondary erythrocytosis

5. Mixed forms of leukemoid reactions

6. Rare forms of leukemoid reaction

6.1. Cytopenia

6.2. Leukemoid reactions of basophilic type

The main clinical manifestations of leukemoid reactions
and diagnostics

Clinical presentation depends on the underlying disease
that triggered leukemoid reaction.

Leukemoid reactions are basically characterized by a high
level of white blood cells in peripheral blood (with the
exception of cytopenic leukemoid reaction) and a distinct
shift in white blood count with singular blast cells.
Leukemoid reactions of myeloid type differ from moderate

leukocytosis - often to 12.0-30.0x109/1 and a subleukemic

shift in leukogram to myelocytes, sometimes to
myeloblasts (myeloblastic type). Leukemoid disorders may
blood
and vice versa -
stab and
(40.0-50.0x109/1).

reaction of lymphoid type is characterized by moderate

be observed in count without significant

leukocytosis, mild abnormalities in

leukogram  with singular metamyelocytes

inincreased leukocytosis Leukemoid
leukocytosis with absolute lymphocytosis (up to 70-90%).
Other hematologic parameters usually do not undergo
significant changes.

Diagnosis is based on presenting clinical signs of the
underlying disease, with possible reaction and absence of
symptoms of leukemic process. Absence of blasts in the
peripheral blood in patients with severe leukocytosis (30.0-
50.0x109/1 and higher) practically excludes hemoblastosis.
In diagnostic difficulty patients are referred for
examination of bone marrow and lymph node aspirates.
Reactions of myeloid type are characterized by a shift to
the left - from an increased number of stab cells to
singular blast cells with presence of all intermediate
forms. The level of hyperleukocytosis and the shift of
blood count do not always correspond to the severity of
the underlying disease, but depend on the response of the
hematopoietic system to the infectious and toxic effects.
Bone marrow aspirate most often shows an increase in
immature granulocytes and irritation of myeloid lineage.
Neutrophilic leukemoid reactions develop in the following
cases:

- Infections - sepsis, scarlet fever, purulent processes,
diphtheria, lobar pneumonia, tuberculosis, dysentery, etc.;
- Exposure to ionizing radiation;

- Injuries of the skull;

- Intoxication (uremia, CO poisoning);

- Bone marrow metastases of malignant tumors

- Lymphogranulomatosis;

- Steroid hormones therapy.

Eosinophilic _reactions

("high eosinophilia“) develop in

allergic processes or in diseases with allergies, as well as in
parasitic diseases. They are characterized by the

development of a great number of eosinophils (90%
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leukocytosis at 100x109) and eosinophils may show
excessive segmentation of nuclei.

Prognostic assessment of eosinophilic leukemic reaction is
equivocal: in infections it can be considered as an
evidence of immune responses,in collagen disease it can
be regarded as an unfavorable sign; in parasitic and
helminth diseases eosinophilia does not determine features

of their course.

Lymphomonocytic  leukemoid  reactions develop in

infectious mononucleosis (Filatov and Pfeifferdisease). It
was first described in 1885 by a pediatrician N.V.Filatov. It
is a disease of viral etiology. Infectious mononucleosis
begins acutely with a sudden rise in temperature that
persists at 39-39.5°C during the day. Sometimes fever is
preceded by prodromal signs: malaise, myalgia, dizziness,
and systemic lymphadenopathy that subsides in 10-15 days,
but slight enlargement and tenderness of lymphatic nodes
may be observed for several weeks, sometimes months.
Subsequently patients develop enlargement of the spleen
and sore throat with necrotic changes. At the middle stage
of the disease patients are found to have leukocytosis
(10.0-25.0x109/1).
lymphocytes with high percentage of monocytes (12 to 40-

Leukogram  shows  50-70%  of

50%). Commonly there are atypical mononuclear cells,
called “"lymphomonocytes” (cells are larger than
lymphocytes, but smaller than monocytes, with monocytic
form of nucleus and intensively basophilic cytoplasm).
Lymphomonocytes are modulated T- and NK-lymphocytes,
which get to the bloodstream by initiation of B-
lymphocytes. Mild anemia, sometimes slight
thrombocytopenia and neutropenia are also observed.
Atypical mononuclear cells (reactive lymphocytes) are
transformed lymphocytes, mostly reactive T-cells that
provide antiviral protection and proliferative B-
lymphocytes.

Atypical mononuclear cells are common not only in
infectious mononucleosis. In health their number is 1/6 of
the number of lymphocytes. The number of atypical
mononuclear cells can be increasedin any viral infection

(acute respiratory viral infections, influenza, hepatitis,

cytomegalovirus  infection, herpes and pediatric

infections), other infections (yersiniosis, toxoplasmosis,
chlamydia), vaccination, autoimmune diseases, drug
intolerance, tumors.

reactions (infectious

Lymphocytic leukemoid

lymphocytosis) develop in acute viral and bacterial
infections and are characterized by leukocytosis with
absolute lymphocytosis, an increased level
ofprolymphocytesin the bone marrow (in peripheral blood

they are absent).

Plasmocytic leukemoid reactions occur in diseases caused

by protozoa (toxoplasmosis), viral infections (chickenpox,
measles, rubella), et cetera. Increased level of plasma
cells (2%) in splenomegaly, blood and bone marrow is
typical for this type of leukemoid reactions.

Leukemoid reactions with blast cells develop in severe
viral infections (cytomegalovirus, etc.). As for blast cells,
blast transformation of B-lymphocytesmay be observed in
the bone marrow, lymph nodes and peripheral blood.
Secondary absolute erythrocytosis is caused by increased
erythropoiesis, relative hemoconcentration and
polycythemia. Plasma volume is typically decreased. It is
characterized by increased levels of red blood -cells,

hemoglobin and erythropoietin.

Thrombocytosis (platelet count more than500x109/1) may
be primary, as a result of tumor proliferation of
megakaryocytes in chronic myeloproliferative diseases
(essential thrombocythemia, idiopathic myelofibrosis,
chronic myeloid leukemia), and secondary, reactive.
Symptomatic (reactive) thrombocytosis is possible in
malignant tumors, inflammatory diseases, following
bleeding, hemolytic crises, after surgical operations and
splenectomy. Secondary thrombocytosis is usually not as
distinct as primary one and is rarely complicated by
thrombosis (or bleeding) disappearing after elimination of

the cause.
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Leukemoid reactions to the tumor can becharacterized by

irritation of one lineage of hemopoiesis, (e.g., neutrophilia,

monocytosis, eosinophilia, erythrocytosis or
thrombocytosis) or with irritation of several lineages of
hemopoiesis - mixed leukemoid reactions (neutrophilia and
thrombocytosis, erythrocytosis and monocytosis, or other
combinations). Signs of myelemia ("bone marrow in the
blood") are observedinmiliary metastasestothe bone
marrowwith neutrophilia and significant left shiftto
myelocytes, promyelocytes and blasts. The number of
leukocytes in this case varies from severe leukopenia to
hyperleukocytosis. Patients are usually found to have
evident anemia with reticulocytopenia and
thrombocytopenia. Similar signs can be observed in acute
erythroleukemia (AML-M6) and acute immune hemolysis.
Diagnosis is obvious in detecting cancer cells in bone

marrow aspirate or trepanobiopsy.

Leukemoidreaction with cytopenia is a rare form of

myeloid reaction, when patients have a left shift in white
blood count to singular immature forms secondary to
leukopenia (1500-2500 leukocytes per 1 ml of blood). In
such cases blood picture resembles chronic myeloid

leukemia and myelofibrosis.

Leukemoid reactions of basophilic type are rare. Reactive

basophilia may develop in allergic reactions, hemolytic
anemia, ulcerative colitis, hypothyroidism, leukemia.

Hematological diseases such as chronic myeloid leukemia,
Hodgkin's disease are characterized by eosinophilic and

basophilic associations.

Differential diagnosis

As reactive changes in blood are similar to leukemia, it is
necessary to provide differential diagnosis (Table 1). It is
generally important to consider that typical signs of tumor
progression inherent to leukemia are not detected inleu-
kemoid reactions, so metaplastic anemia and thrombocy-
topenia are not observed. As in leukemia, distinct imma-
turities of the peripheral blood to the extent of develop-

ment of blast cells occur secondary to leukemoid reaction.

Table 1
The main criteria for differential diagnosis of
leukemoid reactions and leukemia

Leukemoid reactions Leukemia

Causes Infectious agents, biolog- | Carcinogens
ically active substances,
products of tissue de-
struction

Pathogenesis | 1. Activation of normal | The transformation
hematopoiesis and ex- | of normal haemato-
cess of formed elements | poietic cells to a
in blood flow (reactive | tumor

hyperplasia of leukopoi-
etic tissue)

2. Exit of immature leu-
kocytes into the blood-
stream

The bone | Focal hyperplasia of | Generalized hyper-
marrow normal  hematopoietic | plasia of tumor of
Peripheral cells in proliferative reac- | heamatopoietic cells
blood tions. Cytopenia or in-
The presence of blast | creased level of
and immature forms of | leukocytes is com-
leukocyte, platelet and | bined with the pres-
erythrocyte hematopoie- | ence in the blood of
sis in the proliferative | leukemic blast cells.
reactions. Leukemic breakdown
Usually leukocytosis is | in acute leukemia.
present. Rarely - leuko-, | Signs of degenera-
erythro-, thrombocyto- | tion of cells are usu-
penia is present. Signs of | ally absent.
degeneration of formed
elements

It is temporary, reversible | It is saved during the
and it is not transformed | disease
to leukemia

Duration

But in most cases of leukemoid reaction, except leukemoid
reaction with blasts, the number of blast elements in pe-
ripheral blood does not exceed 1-2%. It should be noted
that in differential diagnosis of leukemoid reactions they
usually develop on the background of severe patient’s con-
dition. Splenomegaly is not typical for leukemoid reactions
and toxic granulation, vacuolization of nucleus and cyto-
plasm and even intravital disintegration of the nucleus may
be found in neutrophil cytoplasm. Normal cellular composi-
tion of the bone marrow is indicative of leukemoid reac-
tion.

Moreover, rapid normalization of peripheral blood occurs
after elimination of the main etiological factor, which does

not take place in hemoblastosis.
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Therapeutic approach to leukemoid reactions in children
Prognosis of leukemoid reactions depends on the underly-
ing disease. In most cases prognosis is favorable.

Specific therapy is generally not required. In most cases
patients require treatment of the underlying disease and

associated leukemic reaction.
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PE3IOME
loH4yapb M.O., lweHko T.b., Koeanb B.A.
OCHOBHI XAPAKTEPUCTUKM IEMKEMOIAHMX PEAKLIN Y
AITEN

XapKiBCbKMI HalioHaIbHUIM MeAMYHUIA YHiIBEpCUTET

JNlelkemoigHi peakuii - ue nato/sioriyHi 3BOpOTHI peakuii
KpOBi, Npn AKMX MoOpoJIoriYyHa KapTMHa Ma€E NOAIGHICTb A0
NeMKeMiyHMX abo cybnerkeMiuyHMxX NposABiB, ane natoreHes
LUMX reMaTosiIoriyHuX 3MmiH € pisHMM. Y cTati npeacTaBfieHi
cyyacHi nornsgu Ha eTiosiorio, MmaTtoreHes, 0CO6/IMBOCTI
nepe6iry Ta KAiHiYHi NposBM B 3aN€XKHOCTi Big YMHHMKA
BMHMKHEHHS, OCHOBM AiarHOCTMKM Ta audepeHuinHoi aiar-
HOCTMKM NIeMKEMOTAHUX peaKLii y AiTen, a TakoX Ha Jiikap-
CbKY TaKTMKY MpM LUX CTaHax.

Knroyosi caosa: nelMkeMoiaHi peakuii, 1enKkos, AitH, iHde-

KUt

PE3IOME
loHuyapb M.A., NweHko T.b., Kosanb B.A.
OCHOBHbIE XAPAKTEPUCTUKH fIEﬂKEMOMAHbIX PEAKLU/IIZ
Y IETEN

XapbKOBCKMI HaLUMOHa/IbHbIA MeAMLMHCKUIA YHUBEPCUTET

JlerikeMomHble peakumm - 3TO NaTo/IorMyYecKkue obpaTHble
peakuMu KpoBW, MpW KOTOpbIX MopdosorMyeckas KaptuHa
MMEET CXOACTBO C JIEMKEMUYECKMMU UM CybaerKeMmyec-
KMMM MPOSIBNIEHUAMM, HO NaTOreHe3 3TUX remaTtosiormyec-
KMX M3MEHEHMIM pas3imuyeH. B cTaTbe npeacTtaBieHbl coBpe-
MEHHbIEe B3r/fAbl Ha 3TMOJIONUIO, MAaTOreHe3, 0COGEHHOCTU
TEYEHMS U K/IMHUYECKME NPOSIBJEHMSA B 3aBUCMMOCTU OT
dakTopa BO3HMKHOBEHMA, OCHOBbI AMArHOCTMKM U andde-
PeHLMaNbHOM AMArHOCTUKM NeMKEMOUAHbLIX peakuun y ae-

TeM, a TaKKe Ha BPaAYeGHYI0 TaKTMKY MpM 3TUX COCTOAHMSAX.

Kntoyesbie csi08a: nerkemMouiHble peakuuu, NenKos, ae-

T, UHMDEKLMU
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