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Abstract
Chosen parameters assessing neutrophil function (myeloperoxidase – MPO concentration, elastase

concentration, phagocytic test and oxygen metabolism of neutrophils) in 38 year old patient diagnosed
with CVID are presented. The examinations were carried out before the first infusion of IVIG and on
the second day after infusion. Before IVIG substitution increased MPO serum concentration was found,
enhanced total phagocytic skills and strongly suppressed oxygen metabolism of neutrophils measured
by the chemiluminescency test. IVIG substitution improved both spontaneous and stimulated neutrophil
chemiluminescence (CL). 
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Introduction
Common variable immunodeficiency (CVID) belongs to

the group of primary immune deficiencies occurring both in
children and in adults. Characteristic feature is antibody
deficiency (deficiency in at least two classes of immuno-
globulin and lack of isohaemagglutinin) and frequent
occurrence of recurrent infections as well as enhanced
tendency to autoimmune diseases and certain types of neo-
plasm [1-7]. The main cause of infection is antibodies deficit
which directly impedes pathogen elimination. Immuno-
globulin deficit can as well indirectly influence neutrophil
function rendering the phagocytosis and oxygen burst process
less effective. The aim of the study was to estimate the
metabolic activity of neutrophils in the 38 year old patient
with CVID treated among others with IVIG. 

Material and Methods
The patient had long medical history (recurrent tonsillitis,

pneumonia and bronchitis, pernicious anaemia, septic arthritis,
rheumatoid arthritis) and at the age of 38 was diagnosed with
CVID on the basis of clinical and laboratory data (which was
described in detail by Swierkot and al. in 2006) [8]. Regular,

monthly substitution of IVIG preparations was introduced,
what brought about significant clinical response. 

Before the first IVIG infusion we carried out the following
tests in patient’s peripheral blood: standard laboratory tests
and MPO concentration, neutrophil elastase concentration,
IL-8 and phagocytic capacity of neutrophils as well as
chemiluminescence (CL). Some of the tests were repeated
(phagocytosis, CL) 2 days after IVIG infusion. Blood used to
the tests was taken in the morning together with other routine
or control tests from cubital vein to the plastic test-tube with
heparin (Sarsted Monovette®) – the amount of 0.5 ml and 
1.4 ml on the clot. The study was approved by the local
Bioethics Committee. 

MPO and IL-8 concentration were assessed by ELISA
method with use of the commercial kits by BIOCOM. The
concentration of elastase was measured in plasma in the
complex form with α1-proteinase inhibitor (E-α1PI) by
commercially available ELISA test manufactured by Merck. 

Phagocytic test was carried out in 200 µl of heparinised
peripheral blood incubated with 200 µl of Staphylococcus
aureus 209P suspension (concentration of 108 cell/ml) during
30 minutes in the temperature of 37°C. Subsequently, blood
smears were prepared and stained with May-Grunwald
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Fig. 1. Spontaneous neutrophil chemiluminescence values in the patient before (A) and after (B) IVIG infusion in comparison
with the control group

Spontaneous neutrophil chemiluminescence values 
in the patient in comparison with the control group
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Maximal values of spontaneous chemiluminescence 
in the patient after IVIG infusion 

in comparison with the control group

method. Results were estimated in the light microscope with
100 × magnification and immersion. The number of bacteria
was counted in 100 neutrophils and subsequently the index
of granules was calculated, the so-called phagocytic index
(PI):

PI = the number of bacteria in 100 phagocytes/100.

On the basis of the leukocyte count, the neutrophil
percentage in the blood smear PI and total phagocytic
capacity (TPC) was calculated:

TPC = leukocyte count × % of neutrophils × PI/100.

Oxygen-dependent metabolic activity of neutrophils was
assessed by chemiluminescence method [9, 10]. Luminol-
dependent chemiluminescence was estimated – both spon-
taneous and stimulated [11], with use of MicroLumat LB 96P
device (EG&G BERTHOLD, Germany) on microplates
(LB96P-WMP) in the 8 × 12 wells system [12]. The exami-
nation was carried out by the kinetic method during 45 mi-
nutes in the temperature of 37°C, and point measurement of
CL during 0.2 sec every 60 sec. Results were obtained in the
RLU (relative light units). As a CL stimulator fMLP solution
was used (formylo-methionylo-leucylo-phenyloalanine) in
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Fig. 2. Maximal values of neutrophil chemiluminescence after fMLP stimulation in the patient before (A) and after (B) IVIG
infusion in comparison with the control group

The neutrophil chemiluminescence after fMLP stimulation 
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the concentration of 2 × 106 (5 mg of fMLP was diluted in
4.56 ml DMSO (Dimethyl sulfoxide, Sigma) and subse-
quently in PBS (Liquid Bal Salt Sol, Alab) zymosan (ZAS)
(5 mg of zymosan was suspended in 1 ml of PBS and 10 ml
of 0,9% NaCl), PMA (phorbol-12-myristate 13 acetate)
concentrated at 1 u/ml. 

Substrates at the respective volumes were added to the
wells on the plates in the following order:

Without stimulation: fMLP: zymosan: PMA: 
1. PBS (40 µl) 1. PBS (20 µl) 1. PBS (20 µl) 1. PBS (20 µl)

2. Luminol (20 µl) 2. fMLP (20 µl) 2. Zymosan (20 µl) 
2. PMA (20 µl)

3. Blood (40 µl) 3. Luminol (20 µl) 3. Luminol (20 µl) 
3. Luminol (20 µl)

4. Blood (40 µl) 4. Blood (40 µl) 4. Blood (40 µl)

In order to reach higher accuracy of the measurement each
of the systems was repeated three times and measured simul-
taneously. From the three values obtained arithmetic average
was calculated. The results were presented as the maximal
value of CL after the induction with a defined stimulator,
registered during 45 minutes of the measurement (CL max). 
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Fig. 3. Maximal values of neutrophil chemiluminescence after PMA stimulation in the patient before (A) and after (B) IVIG
infusion in comparison with the control group
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Figure 4. Maximal values of neutrophil chemiluminescence after opsonized zymosan stimulation in the patient before (A) and
after (B) IVIG infusion in comparison with the control group

The neutrophil chemiluminescence after opsonized zymosan
stimulation in the patient in comparison with the control group

patient control group

Maximal values of neutrophil chemiluminescence 
after opsonized zymosan stimulation in the patient 

after IVIG infusion in comparison with the control group

C
L

Z
Y

M
 +

 I
V

IG
 (

R
L

U
/s

)

240

200

160

120

80

40

0

-40

SE SDMean

SE SDMean



Central European Journal of Immunology 2009; 34(2)116

Results
Results are summarised in two tables and on four figures.

Normal IL-8 serum concentration and very high concentration
of MPO and neutrophil elastase was shown (increased 
E-α1PI). Total phagocytic capacity was significantly increased
(the result typical for antigen stimulation, in this case typical
for chronic infection) while phagocytic index and the
percentage of neutrophils capable of phagocytosis was
decreased (Table 1). Spontaneous CL value of neutrophils as
well as induced neutrophils CL after fMLP and zymosan
stimulation was significantly decreased in comparison with
the results obtained in the control group and increased signi-
ficantly after the infusion of IVIG. Neutrophil chemilu-
minescence after PMA stimulation was decreased both before
and after IVIG treatment (although got partially corrected). 

Discussion
CVID is one of the primary immunodeficiency syndromes

(PID) which relatively often is not diagnosed before adulthood
[13]. It is due not only to doctors unawareness of the fact, that
some of PID may manifest in patients over 18 y. of age, but
as well to the variability of manifestations with often very
eventful clinical course (in our patient: inflammatory states
of tonsils, Eustachian tube, left frontal sinus and maxillary
sinuses, bronchial and pulmonary infections, gastrointestinal
infections, flaccid paresis of upper and lower extremities,
pernicious anaemia, reactive arthritis, rheumatoid arthritis and
fevers) which hindered the right diagnosis. All those diseases
were treated intensively, but unfortunately – as separate
entities. Out of all the specialists consulting the patient the
clinical immunologist was the last one to have seen her.
Variability of the laboratory tests does not make that task
easier. The measurement of the main immunoglobulin classes
concentration (and sometimes of the isohaemagglutinin, IgG
subclasses) is of the uttermost importance to formulate the
correct diagnosis. The lack or very low concentrations of IgG
class antibodies in this disease cause that the organism is
unable to protect itself from infections [14]. Immunoglobulin
deficiency caused by different abnormalities in the number
and function of T and B lymphocytes makes that deficit even
deeper [15]. The assessment of neutrophil function in this
syndrome does not get enough attention. However neutrophils
are the important element of immunity taking part in com-
bating infectious agents [16]. With their oxygen-dependent
and oxygen-independent bactericidal potential they in great
part provide anti-infectious protection.

In this study in we have shown in our patient considerable
enhancement of neutrophil phagocytic processes (TPC) which
is typical for infection. The measurement of the granulocyte
enzymes concentration – MPO and elastase (E-α1PI) 
– showed as well the significant increase, which is typical for
the inflammatory and infective processes present in this patient
[17]. The presence of increased concentrations of neutrophil
elastase in her blood may be in favour of chronic in-

flammatory processes running in the patient (rheumatoid
arthritis). The measurement of plasma E-α1PI concentration
may serve as a new and sensitive indicator of the acute and
chronic disease course and neutrophil activation in different
also rheumatoid disease states [18, 19]. 

Neutrophil function expressed by the free radical pro-
duction measured by chemiluminescence test showed deep
suppression of the oxygen metabolism of these cells, both
spontaneous and after activation with stimulators (fMLP,
PMA, opsonized zymosan). The reason for this can be the
exhaustion of the “aerobic” potential of neutrophils. In conse-
quence of recurrent infections it may come to the suppression
of the oxygen metabolism of neutrophils [20, 21], what may
additionally favour consequent infectious diseases and deepen
already existing immunity defect. As it has been shown in the
studies of many authors low values of neutrophils chemi-
luminescence strongly promote infections [22-26]. On the
other hand low values of CL (before IVIG infusion) can be
influenced as well by the concomitant rheumatoid arthritis.
The suppressed chemiluminescence has been shown in
patients with this disease as well [27-30]. Low oxygen
metabolism of neutrophils correlated strongly with low
concentrations of IL-8, which is one of he strongest inducer
influencing NADPH oxidase [31, 32]. 

After IVIG substitution we observed improved oxygen
metabolism of neutrophils in the following range: spontaneous
neutrophil CL, after fMLP and opsonized zymosan stimu-
lation, and they were maintained above the values of control
group. They reminded of neutrophil CL activity in healthy
subjects with symptoms of infection, what was in favour of
regaining the capability of free radical generation, and sub-
sequently to intracellular killing of pathogens. The immu-
nological abnormalities concerning neutrophil chemilumi-
nescence observed in our patient can be primary or secondary.

The IVIG substitution improved neutrophil CL value after
PMA stimulation, but still it remained below the values in
healthy subjects. The IVIG infusion did not influence extra-
receptor pathway of neutrophil activation. Introducing of IVIG
supplementation, which is the cornerstone of CVID treatment
[33] significantly decreased the number of the subsequent
infections (during a 12-months follow-up) in the patient
described, by supplying “ready to use” antibodies against
multiple pathogens. It enhanced as well the neutrophil function
in the field of free radicals generation, which are the important
part in immunity against infective agents. The decreasing of
the number of infections will contribute to sparing FR reserves
by neutrophils. The IVIG substitution had as well beneficial
effect on RA course, which is in accordance with other authors
observations [34, 35].

CVID, owing to its variable clinical course and observed
immunological abnormalities still belongs to not completely
explored PID. The correct treatment depends on the co-
operation of many representatives of different medical and
laboratory specialities. And observed abnormalities still
demand the follow up and explanation. 

Aleksandra Lewandowicz-Uszyñska et al.



Central European Journal of Immunology 2009; 34(2) 117

References
1. Chapel H, Lucas M, Lee M et al. (2008): Common variable

immunodeficiency disorders: division into distinct phenotypes.
Blood 15: 277-286.

2. Knight AK, Cunnigham-Rundles C (2006): Inflammatory and
autoimmune complications of common variable immune
deficiency. Autoimmun Rev 5: 156-159.

3. Lewandowicz-Uszyñska A, Œwierkot J, Jarguliñska E et al.
(2006): Common Variable Immunodeficiency. Cent Eur 
J Immunol 32: 21-26.

4. Œwierkot J, Lewandowicz-Uszyñska A (2007): Autoimmune
disorders in the course of primary immunodeficiency. Cent
Eur J Immunol 32: 27-33.

5. Œwierkot J, Lewandowicz-Uszyñska A, Jankowski A et al.
(2005): The arthritic pathologies accompanying primary
immunodeficiencies with antibody synthesis disturbances. Post
Hig Med Dosw 59: 219-223.

6. Bernatowska E, Zeman K, Lewandowicz-Uszyñska A et al.
(2007): The Polish Working Group for Primary Immunode-
ficiency. Cent Eur J Immunol 32: 34-40.

7. Bernatowska E, Pac M, Pietrucha B (2003): Autoimmunity
and hypersensivity in children with immunodeficiencies. Nowa
Pediatria 32: 41-44.

8. Œwierkot J, Lewandowicz-Uszynska A, Chlebicki A, et al.
(2006): Rheumatoid arthritis in a patient with common variable
immunodeficiency – difficulty in diagnosis and therapy. Clin
Rheumatol 25: 92-94.

9. Allen RC (1986): Phagocytic leukocyte oxygenation activities
and chemiluminescence: a kinetic approach to analysis.
Methods Enzymol 449-493.

10. Lewandowicz-Uszyñska A, Jarguliñska-Forysiak E (2003):
Application of neutrophils chemiluminescence test in medical
diagnostics. 28: 131-137.

11. Lewkowicz P, Lauk-Pachu³a B, Górañska N et al. (1999): The
attempt of standardization of the whole blood chemilumi-
nescence assessment as a method of examining the human
granulocytes’ function in the “in vitro” research. Diagn Lab
35: 497-510.

12. Lee SS (1992): Measurement of whole blood phagocyte
chemiluminescence in a microtitreplate format. Clin Lab
Haematol 14: 231-237.

13. Cunningham-Rundles C (2008): Autoimmune manifestations
in common variable immunodeficiency. J Clin Immunol 
28: S42-S45.

14. Bonhomme D, Hammarstrom L, Webster D et al. (2000):
Impaired antibody affinity maturation process characterizes 
a subset of patients with common variable immunodeficiency.
J Immunol 165: 4725-4730.

15. Eisenstein EM, Jaffe JS, Strober W (1993): Reduced inter-
leukin-2 (IL-2) production in common variable immunode-
ficiency is due to a primary abnormality of CD4+ T cell
differentiation. J Clin Immunol 13: 247-258. 

16. Seger R, Wildfeuer A, Auer I O et al. (1977): Phagocyte
dysfunction in common variable immune deficiency. Klin
Wschr 55: 735-742. 

17. Polañska B, Jankowski A (1996): Plasma elastase α1-pro-
teinase inhibitor complex in children with bronchitis. Ped Pol
LXXI: 765-769. 

18. Polañska B (2002): Neutrophil elastase as an inflammatory
mediator. Cent Eur J Immunol 27: 160-168.

19. Kuramitsu K, Yoshida A (1990): Plasma and synovial fluid
levels of granulocyte elastase-alpha-1-proteinase inhibitor

complex in patients with rheumatoid arthritis. Rheumatol Int
10: 51-56.

20. Dalhoff K, Braun J, Kothe H et al. (1994): Oxidative metabo-
lism of pulmonary phagocytes in acute pneumonia. Respiration
61: 144-149. 

21. Insanov AB, Alieva LS, Abdullaev FM et al. (1997): Luminol-
dependent neutrophilic chemiluminescence in patients with
chronic nonspecific lung diseases. Probl Tuberk 2: 47-48.

22. Sikora JP (1996): Chemiluminescent assessment of aerobic
metabolism of peripheral blood polymorphonuclear leukocytes
in children with increased susceptibility to respiratory tract
infections. Cent Eur J Immunol 21: 33-38.

23. Zabuska-Jablonska K, Broniek A (1997): Disturbances of
polymorphonuclear neutrophil leukocyte chemiluminescence
in patients with chronic or recurrent respiratory tract infections.
Pneumonol Alergol Pol 65: 649-656. 

24. Lewandowicz-Uszyñska A, Jankowski A: Application of neu-
trophils chemiluminescence test in the differential diagnosis
of bronchial asthma and recurrent respiratory tract infection
in the remission period in children. Eds. Maksymilian Pluta &
Anna Cysewska-Sobusiak. SPIE-Proceedings, Light and Optics
in Biomedicine. 2001; 91-96.

25. Lewandowicz-Uszyñska A, Jankowski A (2003): Chemilumi-
nescence of neutrophiles stimulated by opsonized Zymosan in
children with asthma bronchiale and pneumonia. Systems of
Optical Security 2003, Proceedings of SPIE. 2004; 5566: 165-170.

26. Takeuchi S, Sawaki M, Mikasa K et al. (1994): Determination
of neutrophil function in respiratory infection by chemilumi-
nescence (CL). II: Changes in neutrophil’s CL by chemotherapy
against chronic lower tract infection. 68: 595-600.

27. Crocker IP, Baker PN, Fletcher J (2000): Neutrophil function
in pregnancy and rheumatoid arthritis. Ann Rheum Dis 
59: 555-564.

28. Miesel R, Murphy MP, Kroger H (1996): Enhanced mito-
chondrial radical production in patients which rheumatoid
arthritis correlates with elevated levels of tumor necrosis factor
alpha in plasma. Free Radic Res 25: 161-169. 

29. Eggleton P, Wang L, Penhallow J et al. (1995): Differences in
oxidative response of subpopulations of neutrophils from
healthy subjects and patients with rheumatoid arthritis. Ann
Rheum Dis 54: 916-923.

30. Marhoffer W, Stein M, Federlin K (1993): Impaired function
of polymorphonuclear neutrophilic granulocytes in rheumatoid
arthritis. Immun Infekt 21: 15-16.

31. Gougerot-Pocidalo MA, Benna J, Elbim C et al. (2002): Regu-
lation of human neutrophil oxidative burst by pro- and anti-
inflammatory cytokines. J Soc Biol 196: 37-46.

32. Brown GE, Reiff J, Allen RC (1997): Maintenance and down-
regulation of primed neutrophil chemiluminescence activity
in human whole blood. J Leukoc 62: 837-844.

33. Busse PJ, Razvi S, Cunningham-Rundles C (2002): Efficacy
of intravenous immunoglobulin in the prevention of pneumonia
in patients with common variable immunodeficiency. J Allergy
Clin Immunol 109: 1001-1004.

34. Kazatchkine MD, Kaveri SV (2001) Immunomodulation of
autoimmune and inflammatory diseases with intravenous
immune globulin. N Eng J Med 345: 747-755.

35. Larroche C, Chanseaud Y, Garcia de la Pena-Lefebvre P et al.
(2002): Mechanisms of intravenous immunoglobulin action in
the treatment of autoimmune disorders. Biodrugs 16: 47-55.

Neutrophil function in the patient with common variable immunodeficiency – case report


