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Summary 

This study compared the bactericidal capacity of polymorpho- 
nuclear leukocytes (PMNs) from neonates and adults for type Ic 
group B Streptococcus (GBS), and examined the effect of severe 
stress on the bactericidal capacity of PMNs from newborn in- 
fants. PMNs were obtained from three study groups: 26 adults, 
13 healthy neonates (cord blood), and 29 stressed neonates. 
Stress was defined as an acute respiratory illness or bacterial 
infection requiring assisted ventilation. Bacterial killing was as- 
sessed using a fluorochrome microassay and PMNs adherent to 
glass coverslips. PMNs from stressed infants killed significantly 
fewer GBS than PMNs from adults (P < 0.001 at both time 
points). PMNs from healthy infants also demonstrated reduced 
killing compared with adults (P < 0.01 at 60 min; P < 0.001 at 
90 min). There was no significant difference in bacterial killing 
between stressed and healthy neonates and no correlation be- 
tween bactericidal capacity and age at time of study, gestational 
age, birth weight, peripheral leukocyte count, or Apgar scores. 
Therefore, the bactericidal capacity for GBS by PMNs from 
neonates is diminished; however, it is not further compromised 
by stress. 

Abbreviations 

GBS, Group B Streptococcus, PMNs, polymorphonuclear leu- 
kocytes 

Bacterial infection is a major cause of morbidity and mortality 
during the neonatal period. Although many different classes of 
microorganisms may be responsible for infection at this time of 
life, group B Streptococcus is the bacterium most often isolated 
(3, 9). The factors responsible for the increased frequency of 
infection are not completely understood; however, specific stud- 
ies have implicated deficiencies of circulating antibody (6, 14), 
complement (7 ) ,  and cellular function including PMN chemo- 
taxis (2, 15,2 I). Investigations of neutrophil phagocytosis (8, 16, 
19), oxidative metabolism (23, 27), and bactericidal capacity (20, 
28) during the neonatal period have produced controversial 
results. Stress has recently been suggested as an additional factor 
which may further compromise immune function (8, 14). There- 
fore, we have used a fluorochrome microassay to compare killing 
of GBS by neutrophils from healthy newborn infants, stressed 
newborn infants, and healthy adults. 

MATERIALS AND METHODS 

Study population. The study population consisted of 29 
stressed neonates and 13 healthy neonates (Table 1) at The 

Children's Hospital of Philadelphia and The Hospital of the 
University of Pennsylvania, and 26 healthy adult volunteers. 
Stress was defined as an acute respiratory illness or bacterial 
infection requiring assisted ventilation and included 24 infants 
with respiratory distress syndrome, two infants with proven 
sepsis, and three infants with aspiration syndromes. Blood sam- 
ples (0.5-2.5 ml) from the stressed neonates were drawn from 
indwelling arterial or venous catheters. Healthy neonates were 
studied using blood (10 ml) obtained from doubly clamped cord 
segments at delivery. Venous blood samples were obtained from 
the adult volunteers. Parental permission for all blood samples 
was obtained in accordance with the requirements of the Human 
Investigation Committees from both hospitals. In every experi- 
ment, a healthy or a stressed neonate was studied with an adult 
control and on six occasions both a healthy and a stressed 
neonate were studied simultaneously with an adult. 

Preparation ofbacterial suspension. Type lc group B Strepto- 
coccus (A909- 14) was obtained from the late Dr. Rebecca Lance- 
field. Under sterile conditions, 5 ml Todd-Hewitt broth was 
inoculated with a single loop of GBS and incubated overnight at 
37°C. On the following day, the GBS were centrifuged at 800 X 
g for 10 min at room temperature, washed twice, and resus- 
pended in 0.1 % gel water (Gelatin, Bloom 275, Fisher Scientific). 
An aliquot was removed to determine the optical density. The 
remaining suspension was then diluted to 8 x 106 GBS/ml in 
McCoy's/l99 medium containing 10% serum. Serum was ob- 
tained from a single adult donor known to have a high titer of 
opsonic anti-type lc group B Streptococcal antibody (lo), and 
frozen in aliquots at -85°C. The final bacterial concentration 
was confirmed by plating serial dilutions on blood agar and 
counting colonies. 

Preparution of PMN monolayers. Blood samples, mixed with 
equal volumes of heparinized 3% dextran (molecular weight 
264,000, Sigma Chemical Co.) in normal saline were allowed to 
separate by gravity in an upright syringe for 60 min at 37°C. The 
plasma and buffy coat layers were removed and spun at 400 X g 
for 10 min at 4°C. The resulting leukocyte pellet was washed 
twice with 10 ml cold sterile phosphate-buffered saline, pH 7.2. 
The cells were counted in 2% acetic acid and resuspended in 
phosphate-buffered saline to a final concentration of 1 x lo6 
PMNs/ml. Using trypan blue, cell viability was consistently 
greater than 95%. Aliquots of the PMN suspension (0.2 ml) were 
pipetted on 15 mm diameter glass coverslips in a covered hu- 
midified Petri dish and incubated in 5% C 0 2  for 60 min at 37°C. 
The number of adherent PMNs was determined by staining one 
coverslip from each individual with Wright's solution and count- 
ing 10 random fields using 15-mm2 grid under x40 magnifica- 
tion. 

Fluorochrome as .~ay  of bacterial killing. Bacterial killing was 



Table I .  Study populution* - 

Gestational age Mode of Study age Leukocyte count 
Birthweight (g) (weeks) Apgar score delivery (days) x 10-'/mm3 .. . 

Healthy neonates 3239.2 t 208.9 38.8 f 1.3 8.1 t 1.0 (1 min) 58.3% SVD t $ 
(n = 13) (2820-3500) (36-40) 8.8 rt 1.0 (5 min) 46.2% ECS 

"Stressed" neonates 1935 f 891.1 32.9 + 4.3 4.8 f 3.0 ( 1  min) 58.6% SVD 3.0 f 3.5 11.7 + 5.3 
(n  = 29) (800-3600) (25-41) 6.9 + 2.4 (5 min) 41.4% CS 

-- - 

* Values are means + SD; SVD, spontaneous vaginal delivery; ECS, elective cesarean section; CS, cesarean section. 
t Cord blood samples drawn at delivery. 
$ Data not obtained. 
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assessed using a modification of a fluorochrome microassay when compared to healthy adults in the presence of 10% adult 
recently developed by Pantazis and Kniker (18). Following the serum with a high titer of opsonic antibody, and a bacteria to 
60-min adherence preincubation, the PMN monolayers were PMN ratio of 8: 1. Furthermore, there is no significant difference 
washed gently in warmed (37°C) Hanks' balanced salt solution in bacterial killing between adherent PMNs from stressed and 
and 0.1 ml of the bacterial suspension was added to each cover- healthy newborn infants and no correlation between the bacte- 
slip. The preparation was incubated at 37"C, and after 60 and 90 ricidal capacity and age of infant at the time of study, gestational 
min two coverslips were washed in Hanks' balanced salt solution age, birth weight, peripheral leukocyte count, or Apgar scores. 
and stained for 60 sec with 1:10,000 dilution of acridine orange Investigations of PMN bactericidal capacity in neonates have 
(Sigma Chemical Co.). Bacterial killing was not assessed beyond produced conflicting results. Becker et al. (4) demonstrated de- 
90 min because of loss of viability of the adherent PMNs after creased killing of type 111 GBS when PMNs from newborn infants 
this time (18). The coverslips were washed in normal saline, were compared with those from adults using a modified classical 
inverted on glass slides and the excess liquid gently removed. Maaloe killing assay (1, 12, 25) and a bacteria to cell ratio of 5- 
The edges were sealed and the preparations examined under 
x I O O  oil immersion objective with a UV fluorescence micro- 100- 

Table 2. PMN adherence and GBS uptake+ 
Ingested GBS/cell 

PMNs/mm3 X 10-3/coversllp GBS:PMN ratio 60 min 90 min 

Adult 1.9 + 0.8 7.6 f 6.3:1 10.0 k 3.7 11.2 t 4.4 
"Stressed" neonates 1.5 +- 0.6 9.4 + 11.1:l 10.4 + 5.0 11.3 f 4.1 
Healthy neonates 1.6 f 0.7 7.4 + 5.4:l 10.1 + 3.6 11.2 + 3.8 

* Values are means + SD. 

scope (Zeiss). Live organisms stained green or orange while dead 
organisms stained red. Only those organisms in the same plane 
of focus as the nucleus were counted. All slides were counted 9 0  - 6 0  M~nutes 9 0  M~nutes 
blindly by a single examiner. Total numbers of intracellular 
organisms were counted in 30 PMNs and percentage killing was 
calculated as: number dead organisms/number dead + alive 
organisms x 100. There were no significant differences between 8 0  - 

study groups in the number of viable, adherent PMNs/coverslip, 
ingested bacteria/PMN, or bacteria to PMN ratios on the cover- 
slips (Table 2). 

The presence of extracellular green organisms was used to 
confirm the viability of the bacterial suspension. Study groups 
were compared using a Student's dependent t test. 

RESULTS 

The percentage bacterial killing for the paired adult and infant 
samples is shown in Figures 1 and 2 along with the mean values 
for each study group. For all study groups, there was a significant 
increase in bacterial killing between the 60 and 90 min time 
points ( P  < 0.01). PMNs from stressed neonates demonstrated 
decreased bactericidal activity at both 60 ( P  < 0.001) and 90 ( P  
< 0.001) min when compared with PMNs from adults (Fig. 1). 3 0  - 

Similarly, PMNs from healthy neonates killed significantly fewer 
GBS than PMNs from adults at 60 ( P  < 0.0 1) and 90 (P < 0.00 1) 
min (Fig. 2). There was no correlation between bactericidal 
activity and gestational age, birth weight, Apgar scores, peripheral 

20- 

leukocyte count, or age at time of study for either the stressed or 
healthy newborn infants. There was no significant difference in 10- 
mean bactericidal capacity at either time point between PMNs 
from healthy and stressed infants. 

. Adult 
A Neonate 
* M + - S D  

** p < 001 

DISCUSSION ADULT NEONATE ADULT NEONATE 

This study demonstrates that PMNs from stressed and healthy Fig. I .  Percentage killing of type Ic group B Streptococcus by PMNs 
neonates have decreased bactericidal activity for type Ic GBS from stressed neonates compared with adult controls. 
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. Adult 
A Neonate 
* M t S D  

H )  p < O l  
*** p < 001 

ADULT NEONATE ADULT NEONATE 

Fig. 2. Percentage killing o f  type Ic g roup  B Str(~1ococc11~ by PMNs 
from healthy neonates compared with adult controls. 

10: 1. In contrast, granulocytes from neonates and adults showed 
equivalent killing of type la GBS (4). Our recent preliminary 
experiments (unpublished) using two clinical isolates of type Ic 
group B Strc~l~tococ'c'lls demonstrate comparable killing by neu- 
trophils from newborn infants and adults. These findings suggest 
an interstrain differential bactericidal capacity, possibly related 
to  their biochemical differences. In this context, additional in- 
vestigations with various test organisms are essential. 

Mills ct u1. ( 17) also demonstrated decreased bactericidal activ- 
ity when PMNs from healthy neonates were compared with their 
mothers and healthy adult controls using Escherichiu coli and 
S~~i l~I~j . loc~o(~c~~~.s  UI[TCII.Y at  high (100: 1) but not low (I : I) bacteria 
to PMN ratios. In contrast, Wright el ul. (28) and McCracken 
and Eichenwald (1  3) reported normal killing of S. uurezu, E. 
cdi. and Psc~lrdo~nonu.~ uc~rzigino.su by PMNs from healthy new- 
born infants using a classical killing assay with low bacteria to 
PMN ratios and pooled adult human serum. 

Thc mechanism responsible for the deficient killing of type Ic 
GBS by granulocytes from newborn infants in this study is 
unknown. In addition, there are several aspects of the experi- 
mental design which may have influenced the study results. 
These include choice of the test organism (type Ic GBS) ( 1  3, 17), 
the concentration (10%) and opsonin source (high titer adult 
serum) (6, 24). and the bacteria to  PMN ratio (7-9:l) (17, 27). 
A low bacteria to PMN ratio was specifically chosen for our 
study to simulate more closely the ratio which occurs during 
sepsis in vivo ( 5 ,  22). If a higher bacteria to PMN ratio had been 
chosen. this might have provided sufficient stress to  demonstrate 
subtle differences in PMN function between the stressed and 
healthy newborn infant populations. In addition, the fluoro- 
chrome microassay, as opposed to the classical killing assay, 
sclected a population of adherent granulocytes which may have 
differed in bactericidal capacity from PMNs in suspension. Pre- 

liminary studies indicate no significant change in number of 
adherent PMNs during the bacterial incubations. Therefore, 
differences in bactericidal capacity between newborn and adult 
PMNs are unlikely to reflect a changing population of adherent 
phagocytes. 

Discrepancies between the fluorochrome and modified Maaloe 
assays may be explained by the manner in which viable and 
killed organisms are identified. In the fluorochrome microassay, 
a change in fluorescence from green to red signifies extensive 
uncoiling of the DNA helix ( 1  1). In contrast, minimal alterations 
of DNA structure in the Maaloe method may affect the ability 
of the bacteria to  replicate in culture (1 1 ,  26). Finally, the 
fluorochrome microassay may have underestimated the bacteri- 
cidal capacity of PMNs from both adults and infants because 
organisms which were adherent but not yet ingested would be 
read as viable; however, in our test system only bacteria which 
were in focus with the cell nucleus were counted. 

This study also examined the effect of severe stress on  the 
bactericidal capacity of PMNs from newborn infants. Previous 
investigations have demonstrated decreased bactericidal activity 
under clinical conditions in which the stress varied from mild to  
severe (acidosis, sepsis, hyperbilirubinemia, respiratory distress 
syndrome, meconium aspiration, cesarean section, diabetic preg- 
nancy, and intrauterine growth retardation) (8, 28). The current 
study investigated only severely stressed infants with sepsis, as- 
piration syndromes, or noninfectious respiratory disease, all of 
whom required assisted ventilation. There was no difference in 
bactericidal activity in neutrophils from the healthy and stressed 
newborn populations during the first few days of life. 

In conclusion, neutrophils from newborn infants demonstrate 
deficient bactericidal capacity for GBS, which is not influenced 
by severe stress. prematurity, age, or birth weight. Among other 
factors, diminished capacity for bacterial killing may contribute 
to the increased morbidity and mortality from neonatal GBS 
infection. 
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Summary 

Phagocytes isolated from either normal donors or from patients 
with poststreptococcal (P-SGN), lupus erythematosus (SLE- 
GN), or membranoproliferative (MPGN) glomerulonephritis 
showed normal adherence to glass (PAg) after incubation in 
normal human serum (NHS), but was reduced after incubation 
in patient serum. Low PAg was the consequence of incubation of 
normal phagocytes with the earliest available sera from all 22 P- 
SGN patients, 28 of 37 SLE-GN patients, 19 of 25 patients with 
MPGN type I, all 10 with types I1 and 111, and all 5 with 
nephritis associated with chronic bacteremia. Low C3 and de- 
creased PAg were related by regression analysis in sera from 
patients with P-SGN ( P  < 0.001), SLE-GN ( P  < 0.005), and 
MPGN ( P  < 0.001) type I. In patients with P-SGN and one 
patient with nephritis associated with chronic bacteremia, com- 
plement levels and PAg returned to normal in parallel with 
clinical improvement. In vitro, PAg was reduced by N H S  treated 
with either zymosan or bovine serum albumin (BSA)-anti-BSA 
complexes but neither BSA-anti-BSA complexes or zymosan, 
previously incubated in NHS, reduced PAg. PAg was normal in 
serum deficient in C4 or C5 unless treated with zymosan. 

Abbreviations 

P-SGN, poststreptococcal glomerulonephritis 
SLE-GN, systemic lupus erythematosus glomerulonephritis 
MPGN, membranoproliferative glomerulonephritis 
BSA, bovine serum albumin 
NHS, normal human serum 
PAg, phagocytic adherence to glass 
RC4 GP, C4-deficient guinea pig serum 
RC5, congenitally CS-deficient human plasma 

Previous investigators have described abnormalities in the 

function of phagocytes (polymorphonuclear leukocytes and 
monocytes) obtained from the circulation of patients with a 
variety of glomerulonephritides. These abnormalities include: (a) 
decreased chemotactic responsiveness of phagocytes from pa- 
tients with P-SGN, SLE-GN, MPGN, and other nephritides (5. 
21, 22), (b) defective phagocytosis by cells from patients with 
SLE-GN (2, 23, 3 1, 32, 41), and (c) decreased adherence to  glass 
by both phagocytes in whole blood from patients with P-SGN 
(26) and monocytes incubated in serum from patients with SLE- 
G N  (31). I n  vitro studies of phagocytes from some of these 
patients suggest that the impaired cellular function results from 
factor(s) present in nephritic serum (2, 5, 21-23, 31, 32, 41) 
related to the complement system (22, 26) and that resolution of 
these phagocyte abnormalities may reflect lessening of disease 
activity (22, 26, 3 1). 

Phagocyte adherence has been studied using a variety of in 
\xifro techniques which substitute negatively changed surfaces for 
vascular endothelium (25). Adherence of phagocytes to  vascular 
endothelium has been shown to be prerequisite for many normal 
functions including diapedesis ( I) ,  response to  chemotactic stim- 
uli (3), and, in most instances, phagocytosis (39). The present 
study investigates the effect of serum from children with glomer- 
ulonephritis on the ability of isolated autologous or normal donor 
phagocytes to  adhere to  a negatively charged surface. These 
studies suggest that phagocyte adherence is reduced in the pres- 
ence of nephritic serum as the result of a humoral phenomenon 
probably produced by generation of a factor(s) when C3 is 
activated. 

MATERIALS AND METHODS 

Stzld)] S l l h j ~ ~ t s .  C'ontrol popzrkotion. The control population 
consisted of 30 healthy adult laboratory personnel, 20 children 
with various nonrenal disorders, and 32 children with a variety 
of known renal disorders. All 82 control individuals had normal 
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