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Reaction of the human granulocyte system in
successfully treated bacterial bronchopneumonia
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SUMMARY The behaviour of peripheral blood granulocyte pools, nitroblue tetrazolium reduction
by granulocytes, migration of granulocytes out of skin windows, serum muramidase activity and
bone marrow reserve of granulocytes during uncomplicated bronchopneumonia were studied. The
time course of changes in these parameters during infection was established, and suggests maximal
changes on day 2 of infection with gradual regression until 30 days after the disease onset, when they
disappear.

Granulocytes play an important role in protection
against bacterial infection. The significance of the
role of the granulocytes is confirmed especially by
observations on the incidence and course of bacterial
infections in patients with neutropenia.1 However,
very few data are available on the reaction of the
normal human granulocyte system to such con-
ditions.2-8 At present, a large number of simple and
relatively non-invasive methods is available that
make possible evaluation of the indices of the size
of various granulocyte pools in man. The simplest
test to demonstrate the participation of the granu-
locyte system during infection is the absolute
peripheral blood granulocyte count (AGC). One of
the commonest infections associated with granu-
locytosis is bacterial bronchopneumonia. At present
it is not known whether changes in the peripheral
blood granulocytes are reflected in the other granu-
locyte pools, for example, the marginal granulocyte
pool (MGP), the bone marrow reserve of granu-
locytes (BMRG) and the tissue granulocyte pool
(TGP); nor is it known what the relation is with
granulocyte disintegration.
The aim of the present study was to investigate

the kinetics of changes in the granulocyte system
during successfully treated uncomplicated bron-
chopneumonia in previously healthy patients.

Patients and methods

PATIENTS
The investigations were carried out in 30 previously
healthy males aged between 19 and 24 yr treated as
Accepted for publication 20 May 1981

inpatients for bronchopneumonia and 15 healthy
male volunteers in the same age-range. Before
admission to hospital patients were given no anti-
bacterial drugs, but only anti-inflammatory and
antipyretic agents. The diagnosis of broncho-
pneumonia was based on history, physical
examination, radiological, and haematological
investigations. The nitroblue tetrazolium (NBT)
test values were high. Evidence of the bacterial
nature of bronchopneumonia was gained by the
isolation of likely aetiological agents from the
sputum of seven of the patients (Staphyloccus aureus
in two patients, Streptococcus pneumoniae in two
patients and Pseudomonas aeruginosa, Klebsiella
pneumoniae and Acinetobacter alcoaceticus each in
one case). There was no other associated disease
found and all patients gave a history of symptoms
lasting, at the most, four days (mean two days).
The antibiotics used in treatment were penicillin,
streptomycin, metacycline and gentamicin; expec-
torants and vitamins were also given. The clinical
course of disease was typical; complications were not
observed and the duration oftreatment was 9-12 days.
At the time of the investigations the patients were
maintained on a similar diet, participated in no ex-
ercises, and did not smoke on the days of investi-
gation. The association of the various tests and in-
vestigations with the day of illness is shown in the
Table.

METHODS

Determination of the indices ofgranulocyte pools
The size of circulating granulocyte pool (CGP),
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Table Scheme o] the diagnostic procedure carrlied out during the treatment of0pnelumonia

liiv.tit(tio(1 Tirte int (/1a1v front the beginntlitng of pnt7umOtonttia*

() / 2 3 4 5 6 7 8 10 I1 12 13

Absolute granulocyte count --
NBT-test
SertLm muranidase activits
Adrenalin test
l ydi-ocot-tisone test
Skin ssindow
Chest X-ray
Sputunm exalminationl-
ESR
Other s

*Treatnment was tsiually started on day 2.

marginal granulocyte pool (MGP) and total blood
granulocyte pool (TBGP) were measured by testing
the responses of AGC to injections of adrenalin and
hydrocortisone. Since the time course of the mobi-
lisation of peripheral blood pools by adrenalin is
different from the time course of the mobilisation of
BMRG by hydrocortisone, it was assumed that these
two tests would not interfere with each other and
they were performed on the same day.
The investigations were started at 8 am. Patients

were fasting and not smoking. The initial count
(AGC,) was determined in the blood from a fingertip
using a haemocytometer. Then patients received
3 mg/kg of hydrocortisone intravenously and
0-014 mg/kg of adrenalin subcutaneously into
contralateral arm. The subsequent AGC deter-
minations for study of the reaction to adrenalin
were carried out after 15 and 30 min. The AGC
determinations for study of the reaction to hydro-
cortisone were made approximately four and five
hours later.
The indices of the respective granulocyte pools

were calculated from the results of these deter-
minations and were defined as follows:
(i) the size of the CGP was indicated by the initial
AGC value (AGC0),
(ii) the size of the TBGP was indicated by the
maximum value of the AGC after injection of
adrenalin (AGCa(1r),
(iii) the size of the MGP was indicated by the net
increase of AGC after injection of adrenalin,
(iv) the quantitative relation between the size of the
CGP and MGP was indicated by the % increment of
the AGCadir,
(v) the size of the BMRG was indicated by the net
increase of AGC after injection of hydrocortisone.

Spontaneous NBT r-ec'l(ctioI te.st
This test was performed by the method of Park
ct al.9 In accordance with earlier reports9-12 the
normal state was accepted, when less than 14u' of
the granulocytes showed the ability of reducing NBT.

Serum muramidase actit'itv
Serum muramidase activity was measured by the
turbidimetric method of Litwack,3 with hen egg-
white muramidase (Sigma Chemical Co, USA) as a
standard. This activity in serum derives mainly
from tissue granulocytest4 and was used as an index
of tissue disintegration of granulocytes.

Skin ivindo v

The quantitative study of the migration of granu-
locytes from the skin window was used as the index
of the size of TGP. Since, in our pneumonia
patients, skin was obviously not directly affected by
the disease process, this study aimed at measurement
of tissue granulocytes in other than infected sites.
The test was performed by the method of Rebuck
ct al.15 Briefly, a skin window was made with the use
of a surgical blade and had a surface area of approxi-
mately 1 cm2; it was then covered with a coverslip.
The glass was changed every two hours during a
six-hour period. Subsequently, granulocytes on the
three coverslips derived were counted. The number
obtained was additionally evaluated according to the
scale proposed by Gewurz et al.16 The indices of the
TGP size were:
(i) the sum of granulocytes on three coverslips, and
(ii) the sum of the indices of migration calculated
according to the aforementioned scale.

Statistics
The means, standard deviations and t-tests were
carried out using the T-58C programmed calculator
(Texas Instruments) and manufacturer's statistical
module.

Results

PERIPHERAL BLOOD GRANULOCYTE POOLS

IN BACTERIAL PNEUMONIA
A highly significant (p < 0 001) increase of the
AGC0 and AGCa,dr was observed in acute phase of
bacterial pneumonia in comparison with the group of
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Granulocytes and infection
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Fig. 1 Changes of the indices of the peripheral blood
granulocyte pools in the course of bronchopneumonia
treated with antibiotics. Upper left-initial granulocyte
count-index of circulating granulocyte pool; upper
right-maximum granulocyte count following adrenalin-
index of total blood granulocyte pool; lower left-
% increment granulocyte count following adrenalin-
index of the relation of size of marginal granulocyte
pool to size of circulating granulocyte pool; lower right-
net increment of the absolute granulocyte count
following adrenalin-index of marginal granulocyte
pool.

healthy subjects (Fig. 1). During effective anti-
bacterial treatment a gradual (p < 001) decrease in
the values of these parameters occurred with a return
to the normal values 15 days after the onset of the
disease. A slightly different pattern was observed for
the parameters of the MGP. Although in acute
phase of bacterial pneumonia the net AGC increase
after adrenalin was similar to that in healthy sub-
jects, the % increment was significantly (p < 001)
decreased. During the treatment the values of
both these parameters increased gradually (p < 0 05)
and in about four weeks after the onset of the dis-
ease they resembled the values in healthy subjects.

FUNCTIONAL STATUS OF PERIPHERAL BLOOD

GRANULOCYTES IN BACTERIAL PNEUMONIA

The functional status of peripheral blood granu-
locytes was studied by means of the spontaneous
NBT reduction test. In relation to the group of

Fig. 2 Changes in various indices of the granulocytc
system in the course ofbronchopneumonia treated with
antibiotics. Upper left-fr-equency of NBT-positive
granulocytes in peripheral blood; upper right absolute
count of NBT-positive granulocytes in peripheral blood;
lower left-net increment of the absolute granulocyte
count following hydrocortisone-index of the bone
marrow reserve ofgranulocytes; lower right-serum
muramidase activity index of the tissue disintegration
ofgranulocytes.

healthy subjects, in the acute stage of bacterial
pneumonia a highly significant (p < 0 001) rise in
the values of both the frequency as well as of the
absolute count of NBT-reducing cells in peripheral
blood was observed (Fig. 2). With continued effec-
tive treatment these parameters fell steeply so that
from the 5th day of treatment they were similar to
those in healthy subjects.

BMRG IN BACTERIAL PNEUMONIA

In relation to the group of healthy subjects a

significantly (p < 0-01) decreased response to
hydrocortisone was observed in the acute stage of
the disease. During the treatment this value in-
creased gradually (p < 0 01), and about four weeks
after the onset of the disease it reached the values
observed in healthy subjects.

GRANULOCYTE DISINTEGRATION IN TISSUES

AND TGP SIZE IN BACTERIAL PNEUMONIA

In relation to the group of healthy subjects a
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significant (p < 0 001) increase of the activity of
serum muramidase was observed in the acute stage
of the disease (Fig. 2). Additionally the number of
granulocytes migrating out of skin window and the
migration index were increased (p < 0 05) in this
phase of the disease (Fig. 3). During the treatment
a gradual decrease in the values of these parameters
was observed with return to their normal levels in
four weeks after the onset of the disease. The pattern
of reaction of the granulocyte system, during effect-
ively treated bacterial pneumonia, is shown in Fig. 4.
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Fig. 3 Changes in skin window reaction in the course
of bronchopneumonia treated with antibiotics. Left-
total number ofgranulocytes out of the I cm2 skin
window over six hours; right-migration index
calculated according to Gewurz et al.'6
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Fig. 4 Scheme of the reaction ofgranulocyte system to
successWully treated bacterial bronchopneumonia

Discussion

The direct cause of the observed reaction of the
granulocyte system was presumably the increased
disintegration of granulocytes in the pulmonary
tissue subsequent to their interaction with bacteria
and bacterial toxins. An expression of this process
was the increase of serum muramidase activity,
since it is known that this increase depends mainly
on the release of this enzyme from disintegrating
granulocytes in the tissues.14 A consequence of
increased granulocyte disintegration in the acute
stage of bacterial pneumonia was a local deficiency
of granulocytes in the infected tissues. Presumably
this, through a feedback mechanism, stimulated the
transition of granulocytes into tissues. In agreement
with this, it was demonstrated in the skin window
test that the number of granulocytes was increased
also in the tissues not directly affected by bacterial
infection. Most probably, the changes in the TBGP
were subsequent to the above described changes in
the tissue pool. It was found that in the acute stage
of bacterial pneumonia the TBGP and CGP were
increased. This is commonly observed in clinical
practice and it may be produced through the well
known release of granulocytes from their marrow
reserves into the circulating blood from the effect
of the action of bacteria and their toxins.17 It is
possible that a regulatory feedback mechanism,
activated by tissue deficiency of granulocytes, may
effect this release. In this phase no absolute change
was observed in the parameters of the MGP, but it
was diminished with relation to the CGP. In the
latter phase of infection, when as a result of anti-
bacterial treatment inflammatory reaction began to
decrease, the consequences of stimulation of marrow
pools of the granulocytes system began to prevail.
Therefore, absence of stimulated granulocytes in
peripheral blood, normalisation of serum murami-
dase activity, and of the skin window reaction were
associated with the increase of all peripheral blood
granulocyte pools and BMRG. As a consequence of
the disappearance of the cause of this stimulation

that is, infection, these signs gradually disappeared
and subsequently the granulocyte system returned to
its preinfection state.
These studies have drawn a common line for

several earlier studies on the behaviour of the
granulocyte system during bacterial infection. In
none of these studies were so many parameters of the
system measured simultaneously. The increase in
muramidase activity in the acute stage of bacterial
infection in both man and experimental animals has
been observed by several authors.18 Thisactivity may
also be increased in acute leukaemias of granulocyte
or monocyte lineages and during renal failure.14 19
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Granulocytes and infection

None of these conditions was present in our patients.
The effect of experimental infection, in dogs, on peri-
pheral blood granulocyte pools was studied by Marsh
et al using DFP32 labelled granulocytes.8 The most
significant changes were observed in MGP, which
was increased in the acute phase of infection. More
pronounced increases of this pool were observed
in animals with high fever. Changes very similar to
those described in this study, were observed by
Jedrzejczak et al who studied granulocytosis of
infection.20 As based on this study and on data of
Joyce et al,21 the relative increase of CGP in infection
is simply due to the granulocytosis and not to a more
specific phenomenon. In the latter two studies it
was shown that the capacity of the vascular system
to marginate neutrophils is limited and increases in
the absolute granulocyte count result in the pro-
portion of cells in the marginal pool decreasing.
There is such a multiplicity of data on increased

frequency of NBT-positive neutrophils in peripheral
blood during infection that it is not necessary to
reaffirm this observation here. However, in agree-
ment with our'2 and other earlier studies,22 the
disappearance of NBT-positive cells was the first
clinical sign of the control of the infection by anti-
biotic treatment and simultaneously it was the
beginning of recovery process.
A similar decrease of BMRG in bacterial in-

fection was observed by Szmigielski, (personal
communication, 1978). This author studied the
effect of experimental infection (Staphylococcus
aureus) of rabbits and recorded that peripheral signs
of stimulation of the granulocyte system are second-
ary to indirect and direct stimulation of bone
marrow. Therefore, in the bone marrow the total
number of cells of granulocyte system was increased
with the most significant increase of cells of the
proliferating pool as simultaneously evidenced by
increased 3H-thymidine incorporation (autoradio-
graphy).

Further studies are in progress aimed at deter-
mining the pattern of bone marrow reaction in man
to bacterial bronchopneumonia.
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