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Puacocyric cells have been known to
play an important role in resistance to bac-
terial infection since the early studies of
Metchnikoff,” but congenital and acquired
abnormalities of their antibacterial func-
tions have been documented only re-
cently.?’ # +5° Neutrophils are the most
important phagocytic cells to enter devel-
oping inflammatory foci, and their func-
tional integrity is responsible for the early
destruction of bacteria at sites of potential
infection.® It has recently been shown that
the onset of life threatening sepsis in a
variety of surgical diseases was preceded
by the development of a diminished ability
of the patient’s neutrophils to kill ingested
bacteria.” ¢ In those studies, abnormalities
of neutrophil function appeared to occur
at periodic intervals in the few patients
tested for long periods of time. Because of
the exceptional biological importance of
such an observation, the constancy of neu-
trophil function was studied for extended
periods in both normal persons and pa-
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tients known to be subject to the develop-
ment of sepsis.

Materials and Methods

A test of neutrophil function, described
in detail previously,”* was used to study
the ability of circulating neutrophils to in-
gest and kill Staphylococcus aureus S502A.
In principle, approximately 5 X 10¢ isolated
and washed neutrophils from each subject
were continuously mixed with 1-2 x 10¢
Staphylococcus aureus at 37° C. in a tissue
culture medium containing a 10% concen-
tration of pooled human serum as a source
of opsonins. The number of viable bacteria
remaining in each test after 4 hours of
neutrophil-bacterial interaction was deter-
mined by a standard pour plate technic.
Gentle handling and accurate quantitation
of the cells are important features of the
test.

Results of the neutrophil function test
were expressed in terms of a neutrophil-
bactericidal index (NB index): the ratio
between the bacteria not killed by a sub-
ject’s neutrophils and the bacteria not killed
by a normal control's neutrophils. If, for
example, the NB index was 10, ten times
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Fic. 1. Neutrophil function tests in normal volunteers. Two of the four women were taking

contraceptive pills, and two were amenorrheic. In this and the following figures,
eriods of relativeliy;
NB index). The first two subjects were also studied at anot

at the bottom of the charts indicate the

the arrows
poor neutrophil function (elevated
er time. A (upper row, left) Male,

aged 35, only normal subjects with documented infection during the period of study. B (upper
row, center) Male, age 30; C (upper row, right) Male, age 29; D (middle row, left) Female,

afe 35; E (middle row, center)
(lower row,
Male, age 27.

more bacteria remained alive in the sub-
ject’s test than in the normal control’s test
after the period of incubation. NB indexes
between 2-4 were considered to represent
mild abnormalities; NB indexes between
4-8, moderate abnormalities; and NB in-
dexes greater than 8, severe abnormalities.?

Circulating neutrophil counts and ratios

of segmented to non-segmented neutro-

phils were determined for each of the sub-
jects in an attempt to correlate these with

Female, age 26; F (middle row, right) Female, age 32; G
left) Female, age 32; H (lower row, center) Male, age 26; I (lower row, left)

changes in the ability of neutrophils to kill
bacteria.

Normal Volunteers

Nine adult human volunteers, ages 21 to
36, were studied simultaneously each Mon-
day, Wednesday, and Friday for at least
60 days. The number of bacteria not killed
during the bacteria-phagocyte interaction
was determined, and a “control” value was
obtained by taking an average of the bac-
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terial counts for the median six subjects.
These counts seldom varied between high-
est and lowest to an extent greater than a
ratio of 1.5:1. The neutrophil-bactericidal
index (NB index) was then calculated for
each individual by dividing the “control”
number into the number of viable bacteria
which remained in the subject’s test. In this
instance, therefore, the NB index provided
a comparison of the killing capacity of
neutrophils from a given subject with an
average of the killing capacities of neutro-
phils from several controls. Two of the sub-
jects (Fig. 1A & B) were studied in a
similar manner for an additional 40 days at
another time, and these results are in-
cluded. One person (Fig. 1D) was studied
for a longer period of time because of a
proven diagnosis of chronic L-form septi-
cemia with recurrent thrombophlebitis.

Patients Receiving Immunosuppressive
Drugs

Eleven patients who had renal trans-
plants and one patient with systemic lupus
erythematosus were studied thrice weekly
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TasBLE 1. Distribution of Values for the
NB Index in the Three Groups
of Subjects

Number of Determinations

Neutro- Patients
phil- Receiving
Bacter- Immunosup-
icidal Normal pressive Burn
Index  Volunteers Drugs Patients
0-2 265 (92.7%) 214 (61.7%) 53 (39.3%)
2-4 15 (5.2%) 79 (22.7%) 44 (32.6%)
>4 6 (21%) 54 (15.6%)* 38 (28.1%)**
Total 286 347 135

* Significantly different from normal volunteers
(X2 = 33.1, p < 0.001).

** Significantly different from normals (X2 = 66.5,
p < 0.001) and patients receiving immunosuppression
(X2 = 24.8, p < 0.001.).

for as long as 6 months. Each patient re-
ceived azathioprine and prednisone for
immunosuppressive therapy. Neutrophils
from one to three normal persons were
used for controls, and NB indexes were
calculated for each measurement of neu-
trophil function.
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Fic. 2. Neutrophil
function tests in patients
receiving immunosup-
pressive lgs All had
renal transplants except
the last patient who was
being treated for sys-
temic lupus erythemato-
sus. A (upper left) Male,
[ + age 46; B (upper center)

~
-

«s— Living donor tronsplant

Neutrophil Bactencidal Index

O = N W & 0 o
T T

O

——
O 10 20 30 40 50 60 70 80 90 100
Doy of Study

* n
Living donor
< transpiont

Neutrophil Bactericidal [ndex
- n w > »

Neutrophé Bactericidal Index
- ~n “w

o

4

O 10 20 30 40 SO 60 70 80 S0 100 IO 120
Doy of Study

o 16 20 30 40 50 Male, age 28; C (upper
Day of Study ri]ght) Male, age 25; D
(lower left) Female, age
17; E (lower right) Fe-

male, age 38.

4 4

0 10 20 30 40 50 60
Day of Study



K’ﬂ;ﬁr 1273 ANTIBACTERIAL FUNCTION OF HUMAN NEUTROPHILS 209

S

~N w » w o0 -~ O ("}
<+—— Living donor transplant

Neutrophil  Hoclericidol  index

T

=]

0 10 20 30 40 S0 60 70 60 90 K00 10 120 130 140150 KO 170 BO

Doy of Stedy
24
2]
16
15
o
9l
2,
g7
2
26
1 :
st '§5'
g I
§4.- 3
sl 3l
z-‘, 2]
1t !
o A - i ‘
0 10 20 30 40 50 60 70 80 90 100 10 1D O 10 20 30 40 50 60 70 €0 90 100 10 120 B0 4O
Day of Study Day of Study

Fic. 3. Tests on three patients receivin meunosuppresswes fo]lowmg renal transplantatlon
These patients were thought to have evidence of two cycles of different periodicity. (O indi-
cates intervals of the longer cycle. A (upper) Male, age 20; B (lower lefp t) Male, age 48; C
(lower right) Male, age 28.
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Fic. 5. Serial neutrophil function tests on two
gatients who develo?ed fatal sepsis following ca-
averic renal transs antation. In both, the onset
of sepsis was related to an abnormality of neutro-
phil function. A (left) Female, age 50, B (right)
Male, age 52.

Burn Patients

Neutrophil function tests were similarly
done on eight patients with thermal inju-
ries involving 46% to 60% total body sur-
face area for periods ranging from 20 days
to 80 days.

Results

A correlation between changes in neutro-
phil function, circulating neutrophil counts,
and segmented to non-segmented neutro-
phil ratios could not be demonstrated in
this study. However, significant observa-
tions were made concerning periodic vari-
tions in the antibacterial function of human
neutrophils.

Normal Volunteers

Two hundred eighty-six measurements of
neutrophil function were done in this
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group of volunteers (Table 1). Over 92%
of the values for the NB index were less
than two. Six measurements (2.1%) were
above four, and five of these were in one
subject (Fig. 1A). At the time of the poor-
est function of this subject’s neutrophils,
he spontaneously developed multiple fu-
runcles. No other infections occurred in
this group. Six of the nine subjects (Fig.
1A-F) showed evidence of a regularly oc-
curring variation of neutrophil function.
Depending upon the subject, the intervals
between episodes of relatively poor func-
tion ranged from 12 to 40 days. In three
subjects (Fig. 1G-I), a pattern of cycling
could not be demonstrated.

Patients Receiving Immunosuppressive

Drugs

Three hundred forty-seven measurements
of neutrophil function were done in these
12 patients (Table 1). Compared to the
normal subjects, only 61.7% of the deter-
minations for the NB index were less than
two, and 15.6% of the determinations were
greater than four (P < 0.001).

In five patients, there was good evidence
of a regularly occurring abnormality of
neutrophil function (Fig. 2). The intervals
between the relative abnormalities varied
from 14 to 24 days, again being somewhat
constant for the individual patient. The
pattern was different, however, in another
five patients. Three of these seemed to have
two basic cycles which were superimposed
(Fig. 3). In the shorter cycle, the periodic
abnormality of neutrophil function often
occurred as frequently as 10 days or less.
Two patients (Fig. 4) had evidence of
cycling part of the time, but there were
also periods of irregular fluctuations in neu-
trophil function which tould not be ex-
plained. The remaining two patients (Fig.
5) were followed for an (insufficient period
to establish a cyclic pattern. However,
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i Fic. 6. Serial neutrophil function tests in six burn patients who survived. A (upper lef:f
Male, age 11. Burn: 50% total, 45% 3°; B (upper center) Female, age 3. Burn 50% total,
all 3°; C (upper right) Female, age 13. Burn: 46% total, 42% 3°; D (lower left) Female, age
40. Burn: 50% total, 46% 3°; E (lower center) Male, age 13. Burn: 46% total, 3% 3°; F
(lower right) Male, age 4. Burn: 56% total, 54% 3°.

associated with a severe (NB index > 8)
or moderately severe (NB index 4-8) ab-
normality of neutrophil function, both de-
veloped extensive pneumonias which re-
sulted in death from sepsis.

Burn Patients

Basic neutrophil function was found to
be distinctly abnormal in this group, with
28.1% of the 135 determinations for NB
index greater than four, a highly significant
difference from the preceding groups (Ta-

ble 1). A basic pattern of regularly occur-
ring abnormalities could be established in
each of these patients (Figs. 6 & 7), but
the length of time between the periodic
abnormalities tended to be shorter than in
the previous patients. Three of the patients
became septic, associated with the pres-
ence of abnormal neutrophil function (high
NB index). Two of these patients died
from sepsis (Fig. 7), and the third recov-
ered (Fig. 6A).
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Fic. 7. Neutrophil function tests in two burn
patients who died with classical burn wound sep-
sis. A (left) Female, age 7. Burn: 57% total 52%
3°, B Sright) Female, age 10. Burn: 54% total,

9%

Discussion

The results of this study demonstrate
that the ability of human neutrophils to kill
bacteria is not constant. A relative abnor-
mality occurs in the majority of tested per-
sons at periodic intervals which vary indi-
vidually between 10 and 40 days, usually
between 14 and 24 days. Although the in-
terval for the cycle of neutrophil function
in this study was similar to the interval de-
scribed by Morley ® for a cyclic variation
in the neutrophil counts of healthy indi-
viduals, a correlation between the number
of circulating neutrophils and their anti-
bacterial function could not be demon-
strated.

Our results suggest that the periodic ab-
normality of neutrophil function might be
related to the menstrual cycle of women.
However, men and children also have this
basic cycle, and preliminary endocrine ab-
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lation experiments in experimental animals
have not shed light upon the regulatory
mechanism of neutrophil function. Dogs in
which the gonads and adrenal glands have
been surgically extirpated continue to have
a cyclic variation in neutrophil function.*
The relative abnormality encountered dur-
ing these studies was a diminished ability
to kill ingested bacteria rather than an in-
ability to ingest them,® ¢ indicating the pres-
ence of a mechanism which controls either
degranulation or the synthesis of important
antibacterial substances within the neuro-
philic granules. The variability in the base-
line of neutrophil function with immuno-
suppressive therapy and burn injury and
the possibility of a dual cycle suggest that
there are mutiple factors which influence
the basic antibacterial function of human
neutrophils.

The development of bacterial infection in
humans depends upon the interaction of a
large number of variables, but it is increas-
ingly evident that the antibacterial func-
tion of neutrophils is one variable which
has great clinical significance. Six of the 29
subjects in the present study developed in-
fections during the course of observation,
and each of these infections was associated
with an NB index of 5 or more. Both trans-
plant patients and two of the three burn
patients who developed sepsis died as a re-
sult of the complications. The sixth subject
with acute bacterial infection, a normal
person, developed numerous furuncles at
the time of an exceptionally high NB index.
While the development of a high NB index
was often not accompanied by sepsis, the
risk of sepsis correlated well with the de-
gree of abnormality, demonstrated by this
test, and in this and previously reported
studies,»* the development of bacterial
sepsis has always been associated with a
high NB index. It seems probable that
abnormalities of neutrophil function con-
tribute significantly to the development of
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many unexpected infections in humans.
Clearly, further investigation of the proc-
esses involving phagocyte-bacterial inter-
actions can lead only to improved patient
care.

Summary

Serial measurements were made of the
antibacterial function of neutrophils from
29 human subjects for periods as long as
6 months. In the majority, there was clear
evidence of a periodic variation in the
ability of their neutrophils to kill bacteria.
The relative abnormality of neutrophil
function tended to occur at regular inter-
vals, usually between 14 and 24 days. Burn
injury and the administration of immuno-
suppressive drugs adversely affected the
antibacterial function of neutrophils but
did not abolish the basic cycle. The clinical
importance of continued investigation of
this cyclic function is emphasized by the
observation that invasive sepsis appears to
occur predominately at those times when
neutropil function is relatively poor.
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