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We analyzed the comparative amounts of granulocyte-col-
ony stimulating factor (G-CSFr) and granulocyte macrophage
CSF (GM-CSFr) receptors expressed on neutrophils and
monocytes in measles patients to investigate the role of these
CSFrs in the development of leukopenia including neutropenia
and monocytopenia in measles. EDTA-anticoagulated pe-
ripheral blood of 19 measles patients, 10 children with other
infections showing leukopenia and 16 children with normal
complete blood cell counts (CBC)s were analyzed using flow
cytometry and QuantiBRITE. The leukocyte (5260 + 2030/uL.
vs. 9900 + 2680fuL., p=0.000), neutrophil (2580 + 960fuL. vs.
4250 £2750/uL, p=0.024) and the lymphocyte counts of
measles patients (1810 & 1430/ul. vs. 4530 = 3450/ul., p=
0.006) were lower than in the normal controls. The neutro-
phils of measles patients expressed similar amounts of G-
CSFr (1858 £355) as normal children (1764 £ 477, p=
0.564) and leukopenic patients (1773 £ 673, p=0.713), but
lower levels of GM-CSFr (535 118) than normal children
(957 £ 344, p=0.000) and leukopenic patients (832 & 294,
p=0.002). The monocytes of measles patients expressed
similar amounts of G-CSFr (916 + 336) and GM-CSFr (3718
+ 906) as normal children (1013 + 391 & 4125 (2645, p>
0.05) but less than leukopenic patients (1454 + 398 & 5388
+ 806, p>0.05). The neutrophil and monocyte counts of
measles patients did not correlate with the amount of G-CSFr
or GM-CSFr expressed on neutrophils or monocytes (p>
0.05), but in the normal children, the monocyte count
correlated with the levels of GM-CSFr on monocytes
(r=0.951, p=0.049).

In conclusion, neutropenia is one of the more important
characteristics of measles patients, which could be due to the
decreased GM-CSFr expression on neutrophils. However, the
monocytopenia found in measles patients is not due to the
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decreased expression of CSFr on the monocytes.
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INTRODUCTION

Measles is acquired as an infection of the
respiratory tract, and principally damages the
surface mucosal lining cells.! The use of live
attenuated vaccines dramatically decreases the
incidence and epidemiology of the disease. Where
infant measles immunization is widely practiced,
the disease has become rare. The last Korean
outbreak occurred in 2000 to 2001.”

Measles virus infection causes profound immu-
nosuppression, which makes measles patients
susceptible to secondary infections, and accounts
for high morbidity and mortality. This immuno-
suppression is primarily due to severe lympho-
penia and monocytopenia.”® Although some
researchers have found neutropenia in measles
patients, and neutropenia is known to increase the
incidence of bacterial infection, changes in the
number of neutrophils in measles patients have
not been well studied.

Granulocyte-colony stimulating factor (G-CSF)
and granulocyte macrophage CSF (GM-CSF) are
the principal hematopoietic growth factors, which
regulate the production, differentiation and
function of granulocytes.” The biological actions
of these CSFs are mediated through interactions
with their receptors.6 Therefore, we determined
the comparative amounts of these receptors on
neutrophils and monocytes in measles patients to
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investigate the role of these CSF receptors in
developing leukopenia, including neutropenia
and monocytopenia, in measles.

MATERIALS AND METHODS
Patients

EDTA-anticoagulated peripheral blood of 19
measles patients, 10 children with some other
infection showing leukopenia and 16 children
with a normal complete blood cell count (CBC)
were analyzed. Measles was diagnosed according
to the CDC criteria. Blood was collected within 3
days of the appearance of a rash. All patients
and parents were informed and agreed to the
use of the blood samples remaining after CBC
for this study. All samples were analyzed within
4 hours of collection, and samples were kept at
room temperature (18 to 20C) before analysis.

Analyses of leukocyte count and differential
count

EDTA-anticoagulated blood samples were used
for this analysis. Leukocyte counting was per-
formed using an automatic blood cell analyzer
(Coulter STKS, Coulter Co., Miami, USA). For dif-
ferential counting leukocytes, wedge smear prepa-
rations from EDTA-anticoagulated blood samples
were prepared and stained with Wright's stain.
Absolute neutrophil, lymphocyte and monocyte
counts were calculated from leukocyte counts and
percentage of each leukocyte was also calculated.

Quantitative analysis of G-CSFr and GM-CSFr

Immunofluorescence analyses were also per-
formed using EDTA-anticoagulated whole blood.
A phycoerythrin (PE) conjugated fluorescence
quantification kit (QuantiBRITE, Becton Dickin-
son, San Jose, CA, US.A)) and QuantiQuest pro-
gram were used for comparative fluorescence
quantification. PE conjugated anti-CSF receptors
were purchased from Serotec (UK) and isotypic
control was purchased from Becton-Dickinson
(San Diego, CA). All blood samples were stained
with anti-G-CSFr (anti-CD114), anti-GM-CSFr
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(anti-CD 116) and with the negative isotypic
control antibodies. After incubation in the dark
for 20 minutes, the erythrocytes were lysed by
incubation in lysing solution (Beckton Dickin-
son). Fluorescence intensity was analyzed by
flow cytometry (FACSC alibur. Beckton Dickin-
son) using CELLQuest software. The flow
cytometer was calibrated twice a week using
CaliBRITE™ beads (Becton Dickinson) and Auto-
comp software monthly. Markers were set using
isotypic control sera, so that less than 1% of the
cells stained positively. Results were recorded as
the geometric means of gated cells. The mean
number of bound PE molecules per cell was
calculated using the QuantiBRITE and Quanti
Quest program.

Statistics

All statistical analyses were performed using
SPSS software. Data are expressed as means (SD.
Comparisons of results for each group of patients
were made using the unpaired student-t test. To
evaluate the correlation between the amount of
CSFr and the leukocyte count, the Pearson correla-
tion test was used. A p value < 0.05 was consi-
dered statistically significant.

RESULTS

Results of leukocyte counting and differential
counting

The leukocyte count of measles patients (5260 +
2030/uL) was lower than that of the normal con-
trols (9900+2680/uL, p=0.000), similarly, the neut-
rophil count of measles patients (2580 + 960 /uL)
was lower than that of normal controls (4250 +
2750/uL, p=0.024). Lymphocyte counts of measles
patients (1810 + 1430/ul) were also lower than
normal controls (4530 + 3450/uL, p=0.006). Mono-
cyte counts of measles patients (510 + 330/ulL)
were less than those of the normal controls, but
this was not significant (910 + 710/uL, p=0.054)
(Table 1).

Neutrophil, lymphocyte and monocyte counts
were positively related to the total leukocyte
count (p<0.05).
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Table 1. Comparison of the Leukocyte Counts of Measles Patients and Normal Children

WBC (/ul) Neutrophil (/uL) Lymphocyte (/uL) Monocyte (/ulL)
Measles (n=19) 5260 = 2030 2580 =+ 960 1810 + 1430 510 £ 330
Normal (n=16) 9900 £ 2680 4250 = 2750 4530 + 3450 910 = 710
P value 0.000* 0.024* 0.006* 0.054

*statistically significant difference.

Table 2. Comparison of Receptors for Colony Stimulating Factors on the Leukocytes of Measles Patients and Normal

Children

G-CSFr on neutrophil GM-CSFr on neutrophil G-CSFr on monocyte GM-CSFr on monocyte

(PE molecule/cell)

(PE molecule/cell)

(PE molecule/cell) (PE molecule/ cell)

Measles (n=19) 1848 + 355 534 + 117+ 916 + 336" 3718 + 906"
Leukopenia (n=10) 1773 + 673 832 + 294 1454 & 398 5388 + 806
Normal (n=16) 1763 + 477 957 + 344 1013 £ 391 4125 + 2645

*statistically significant between measles patients and normal children.

Tstatistically significant between measles patients and leukopenia patients other than measles.

Quantity of G-CSFr and GM-CSFr

G-CSFr was expressed on neutrophils to the
greatest extent and this was followed by mono-
cytes expression in both patient groups and in
normal children (Table 2). Lymphocytes did not
express G-CSFr. On the other hand GM-CSFr was
expressed more on monocytes than neutrophils in
all patients groups and in normal children (Table
2). Neutrophils expressed more G-CSFr than GM-
CSFr in all cases, and expressed G-CSFr in pro-
portion to GM-CSFr (r=0.595, p=0.007). Monocytes
expressed more GM-CSFr than G-CSFr, but the
quantity of G-CSFr on monocytes was not related
to the quantity of GM-CSFr (p=0.432) (Table 2).

The neutrophils of measles patients expressed
similar amount of G-CSFr (1848 + 355) as those of
normal children (1764 + 477, p=0.564) and leuko-
penic patients (1773 * 673, p=0.713). The neutro-
phils of measles patients expressed lower amounts
of GM-CSFr (534 + 117) than those of normal
children (957 + 344, p=0.000) and those of leuko-
penic patients (832 * 294, p=0.002). The neutro-
phil counts of measles patients and normal
children did not correlate with the amount of
G-CSFr or GM-CSFr expressed on neutrophils or
monocytes (p>0.05).

The monocytes of measles patients expressed
similar amount of G-CSFr (916 + 336) as those of

normal children (1013 + 391, p=0.550) and less
than that of leukopenic patients (1454 + 398, p=
0.019). The monocytes of measles patients ex-
pressed similar amounts of GM-CSFr (3718 + 906)
as those of normal children (4125 + 2645, p=0.574)
but less than those of leukopenic patients (5388 +
806, p=0.004)(Table 2). The monocyte count of
measles patients did not correlated with the
amount of expressed G-CSFr or GM-CSFr ex-
pressed on monocytes (p>0.05), but in the normal
children, the monocyte count correlated with both
G-CSFr and GM-CSFr on monocytes (r=0.951, p=
0.049).

DISCUSSION

Variations in the antigenicity of the measles
virus have not reduced the effectiveness of the
immunity induced by measles vaccine. In 2000 to
2001, there was an outbreak of measles in Korea
mainly in nonvaccinated children.” Leukopenia
due to lymphopenia is one of the characteristic
hematologic changes in measles. IHowever,
neutrophil alterations not been well studied. In
the present study, measles patients showed
leukopenia due to neutropenia as well as
lymphopenia and monocytopenia. These results
suggest that the morbidity and mortality of mea-
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sles could be increased by an increased suscepti-
bility to bacterial infections due to neutropenia in
addition to lymphopenia. The mechanisms of
lymphopenia in measles have been widely
studied.>”® Recently, apoptosis of noninfected
lymphocytes causing lymphopenia was reported
in measles.” However, the mechanism of neutro-
penia in measles has not been studied. Neutro-
phils perform a key role and protect the body
from bacterial infections, and are produced in the
bone marrow under the stimulation of several
cytokines.”® Among these, G-CSF and GM-CSF
are the principal hematopoietic growth factors,
which regulate the production, differentiation and
function of granulocytes.” Moreover, the biological
actions of these CSFs are mediated through
interactions with their receptors.

In this study, the counts of neutrophils, lym-
phocytes and monocytes were related to the total
leukocyte count (p<0.05). G-CSFr was expressed
in the largest quantity on neutrophils and this was
followed by monocytes, as reported previously."
G-CSFr was also expressed in the largest quantity
on neutrophils followed by monocytes in measles
patients. GM-CSFr was expressed more on
monocytes than neutrophils in measles patients
and in normal children. Neutrophils expressed
more G-CSFr than GM-CSFr in all cases, and
expressed G-CSFr in proportion to GM-CSFr.
Monocytes expressed more GM-CSFr than G-
CSFr, but the quantity of G-CSFr on monocytes
was not related to the quantity of GM-CSFr
(p=0.432). These results suggests that the compara-
tive distribution of these GM-CSFr in measles
patients is independent of leukocyte type."

The neutrophils and monocytes of the measles
patients were found to express similar amount
of G-CSFr as those of normal children and those
of leukopenic patients. However, the neutrophils
of measles patients expressed less GM-CSFr than
those of normal children and those of leukopenic
patients. G-CSFrs are expressed on myeloid cells
from a very early stage of differentiation and
their level of expression increases as cell
maturation progresses.12 However, the amount of
GM-CSFr on the neutrophils has not been
studied previously. Moreover, immature neutro-
phils are not found in measles patients. There-
fore, decreased GM-CSFr expression on neutro-
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phils could be a disease related alteration, rather
than a reactive change associated with a left
shift of granulocytic maturation resulted in
immature neutrophils in the peripheral blood.
The quantity of CSFr on leukocytes is not
constant, but varies according the patients’
condition.”" All measles patients were sampled
within 3 days of rash appearance. This period is
termed the secondary viremia period,” and
during this period, the measles virus carried
within leukocytes and more than 5% of which
may be infected."" However, lymphopenia is
caused more so by the apoptosis of noninfected
lymphocytes than by the direct infection of cells
by the measles virus. Although it is not certain
that decreased GM-CSFr expression on neutro-
phils is associated with viral infection of cells,
decreased GM-CSFEr expression could cause
decreased granulocytic proliferation in the bone
marrow and neutropenia in the peripheral blood.
The monocyte count of measles patients was less
than that of normal controls, though this statisti-
cally significant. However, the monocytes of
measles patients expressed similar amounts of
GM- CSFr as those of normal children and of
leukopenic patients. Moreover, the monocyte
count of measles patients was not correlated
with the amount of G-CSFr or GM-CSFr
expressed on the monocytes, though in normal
children, it was correlated with both G-CSFr and
GM-CSFr on the monocytes. Therefore, we
suggest that monocytopenia could be induced by
mechanisms other than altered CSFr expression.
It is not certain that monocytes in the peripheral
blood of measles show the increased expression
of leukocyte function-associated antigen-1
(LFA-1) like macrophages.”"® Increased LFA-1
expression promotes adherence to endothelial
cells and transendothelial migration into the
surrounding tissues and this could result in
monocytopenia.

In conclusion, neutropenia is one of the more
important characteristics of measles patients and
could be due to the decreased expression of GM-
CSFr on neutrophils. The monocytopenia found in
measles patients is another hematologic charac-
teristic of measles patients, but is not due to the
reduced expression of CSFr on monocytes.
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