
Acta Paediatrica Hungarica 29 (1 — 2), pp. 197 - 202 (1988 — 89)

Phagocytosis of microspheric hydrophile 
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The human neonate is uniquely 
susceptible to  severe and overwhel
ming bacterial infections [8, 20]. The 
incidence of infection during the ne
onatal period is inversely proportional 
to  gestational age and birth weight 
of the infant. Morbidity and m ortality 
from sepsis neonatorum and meningi
tis  is highest in very low birth weight 
infants [22].

The increased frequency of infection 
is multifactorial, bu t is principally 
due to  developmental deficiencies of 
the neonatal immune system [15]. 
W hile a num ber of abnormalities 
have been described in the host defen
se system of newborn infants [24], 
one of the most im portant appears to 
be in the function of the polymorpho
nuclear leucocyte (PMN) [9]. Howe
ver, some results of previous investi
gations of phagocytosis, oxidative me
tabolism, and bactericidal capacity du
ring the neonatal period are still 
contradictory. In  addition, although 
numerous investigators have reported 
subtle functional abnormalities in the 
PMN of term  newborns, only little 
information is available regarding the 
preterm  newborn. This paper presents

the residts of our studies on the  phago
cytic activity  of peripheral blood glass- 
-adherent leucocytes of preterm  new
borns and small- for-date newborns in 
comparison with the cells o f healthy 
term  newborns.

M a t e r i a l s  a n d  M e t h o d s

Patients

P h ag o cy to s is  w as stud ied  in  97 p re te rm  
n ew b o rn s  (“ ap p ro p ria te  fo r g e s ta tio n a l 
a g e ” , m e a n  33,1 w eeks, ran g e  27 — 36 w e
eks), 35 sm all-fo r-date  n e w b o rn s  (“ sm all 
fo r g e s ta tio n a l age” , m ean  38,2 w eeks, 
ra n g e  37 — 41 weeks) an d  46 te r m  n ew 
b o rn s  (contro l group, m e a n  g e s ta tio n a l 
age 40,1 w eeks, range 39 — 41 w eeks; see 
T a b . I ) . T he m ean  b ir th w e ig h t w as 1885 
g (ran g e  740 — 2470 g) for p re te rm , 2180 g 
(ran g e  1790 — 2480 g) for sm a ll-fo r-d a te  
an d  3527 g (lange 3040—4230 g) fo r te rm  
n ew b o rn s. All o f th e  n eo n a te s  w ere  c lin i
ca lly  n o rm al an d  no in fa n t w as  on a n t i 
b io tic s  w hen  stud ied .

Phagocytic assay

B lood  sam ples w ere o b ta in e d  by  heel- 
sk in  p u n c tu re  w ith in  th e  fir s t  w eek  o f  life. 
T h e  ph ag o cy tic  te s t, em ployed  in  th e  pre- 
-sen t s tu d y , w as described in  d e ta il p re 
v io u s ly  [13, 14]. B riefly , few  d ro p s  (ap 
p ro x im a te ly  0 , 2  m l) o f fre sh  b lood  w ere 
p laced  on  a  glass m icroscopic slide . B lood
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T a b l e  I

G roups o f n e o n a te s

Group 1 : Healthy newborns (control group) n =  46
Group 2: Preterm infants (birth weight 2001—2500 g) n =  28
Group 3: Preterm infants (birth weight 1601—2000 g) n =  28
Group 4: Preterm infants (birth weight 1001—1500 g) n =  25
Group 5: Preterm infants (birth weight <1000 g) n =  16
Group 6: Small-for-date newborns n =  35

w as a llow ed  to  c lo t d u rin g  th e  30 m in 
in c u b a tio n  a t  37 °C, th e  b lood  c lo t w as 
th e n  rem o v ed  an d  th e  slide flu shed  w ith  
tissu e  c u ltu re  m ed iu m  (M EM , S IF IN , 
B e rlin ); th e  g la ss-ad h e ren t cells w ere im 
m e d ia te ly  u sed  fo r th e  p h ag o cy tic  te s t. 
F e w  d ro p s  o f  opson ized  m icrospheric  
h y d ro p h ile  p a rtic le s  (M S H P , In s t i tu te  for 
R e se a rc h , P ro d u c tio n  a n d  A pllica tion  of 
R ad io iso to p es , P rag u e ) , w ere  app lied  over 
th e  m o n o lay e r o f  a d h e re n t cells a n d  th e  
slides w ere  in c u b a te d  in  a  m o is t cham ber 
fo r 20 m in  a t  37 °C. A fte r  in cu b a tio n , th e  
slides w ere  flu shed  w ith  M EM , th e  cells 
w ere  fix ed  w ith  m e th a n o l a n d  s ta in ed  w ith  
G iem sa (d ilu ted  1 : 5 )  fo r 20 m in . 100 cells 
w ere  ex am in ed  m icroscop ica lly , th e  p e r
c e n ta g e  o f  p h ag o cy to s in g  leucocy tes as 
w ell a s  th e  n u m b er o f  engu lfed  M SH P 
w as d e te rm in ed .

Statistical analysis of resvlts

F o r  th e  desc rip tio n  o f  e x p e rim en ta l d a 
ta ,  b as ic  s ta tis tic a l c h a ra c te r is tic s  o f p a ra 
m e te rs  X ,  y  a n d  z o f  cell a c tiv ity , i.e.

m e a n s  (x ), varian ces (S2), s ta n d a rd  e rro rs  
(SE ) a n d  9 5 %  confidence in te rv a ls  w ere 
c a lc u la te d  (T ab . I I ) .  F o r s ta tis tic a l a n a ly 
sis th e  B a r t l e t t  te s t,  th e  Scheffe’s m e th o d  
a n d  th e  W elch  ap p ro x im atio n  o f  th e  t - te s t  
w ere  p e rfo rm ed .

R esu lts

The phagocytic activity of glass- 
-adherent peripheral blood leucocytes 
of preterm  and small-for-date new
borns was compared with the activ ity  
of cells from  healthy term  neonates. 
Three param eters of cell phagocytic 
ac tiv ity  were used: percent of active 
phagocytosing cells (x), mean num ber 
of phagocytosed particles per 1 cell 
(y) and  mean number of engulfed 
particles per 1 active, phagocytosing 
cell (z). The results, summarized in 
Table I I  and Figures 1, 2 and  3

T a b l e  I I

P h ag o cy to s is  o f  M S H P  b y  g lass-ad h eren t leu co c y tes  o f h ea lth y  te rm , 
p re te rm  an d  sm all-fo r-d a te  n ew b o rn s .

S ta tis tic a l ch a rac te ris tic s  o f  in d iv id u a l ex p e rim en ta l g roups

Group
1

X 7 Z

n 46 46 46
X 27.87 0.9439 3.3902
S2 6.69 0.0108 0.0672
SE 0.38 0.0163 0.0382
95% 27.1— 0.9129— 3.313—
c. int. 28.64 0.9749 3.4675
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(T able I I .  c o n t.)

Group
2

X y Z

n 28 28 28
X 24 04 0.7343 3.0451
s 2 6.92 0.0134 0.0517
SE 0.5 0.0219 0.043
95% 23.02— 0.6893— 2.9569—
c. int. 25.00 0.7793 3.1333

Group
3

X у Z

n 28 28 28
X 22.68 0.6175 2.7253
s 2 6.82 0.0052 0.0168
SE 0.49 0.0136 0.0245
95% 21.67— 0.5896— 2.6749—
c. int. 23.69 0.6454 2.7756

G ro u p
4

X У z

n 25 25 25
X 21.04 0.5264 2.4973
S2 9.37 0.0083 0.0229
SE 0.61 0.0182 0.0303
95% 19.78— 0.4888— 2.4348—
c. int. 22.3 0.564 2.5578

G roup
X

5

У

n 16 16 16
X 20.31 0.4063 1.9869
S2 10.63 0.0073 0.0341
SE 0.82 0.0213 0.0462
95% 18.57— 0.3609— 1.8886—
c. int. 22.05 0.4517 2.0853

Group
6

X y Z

n 35 35 35
X 22.11 1.1523 5.1989
S2 5.34 0.0322 0.2041
SE 0.34 0.0303 0.0764
95% 21,32— 1.0407— 5.0439—
c. int. 22.9 1.2139 5.3539

X =  p e rcen t o f  a c tiv e  phagocy to sing  cells, y  =  m ean  n u m b er o f p h ag o cy to sed  
lartic les p e r  1 cell, z =  m e a n  n u m b er of engu lfed  p a r tic le s  p e r 1  ac tiv e  cell.
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P i g . 1 . P h ag o cy to s is  o f M S H P  b y  g la ss-ad h e ren t leu co cy tes  o f h ea lth y  te rm  (1), p re te rm  
(2 — 5) a n d  sm all-fo r-date  (6 ) n ew b o rn s. P e rc e n t o f a c tiv e  phagocy to sing  cells (x)

к

F i g . 2 . P h ag o cy to s is  o f M S H P  b y  g lass-ad h eren t leu co cy tes  o f hea lth y  te rm  (1 ), p re te rm  
(2 5) a n d  sam all-fo r-da te  (6 ) n ew b o rn s. M ean n u m b e r  o f  phagocy tosed  p a r tic le s  per

1 cell (y)

F i g . 3. P h ag o cy to s is  o f M S H P  b y  g lass-ad h eren t leu co cy tes  o f hea lth y  te rm  (1 ), p re te rm  
(2 — 5) a n d  sm all-fo r-date  (6 ) n ew b o rn s . M ean n u m b e r  o f  engulfed p artic les  p e r  1 a c tiv e ,

p h ag ocy to s ing  cell (z)
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showed th a t the percentage of active 
phagocytosing cells (x) was signifi
cantly lower in preterm  newborns 
(group 2 — 5) and small-for-date new
borns (group 6) compared with the 
control group (1) of term neonates. I t  
was fu rther shown, th a t there is a sig
nificant correlation between prem a
tu rity  and impaired phagocytosis, 
i.e. the percentage of active phagocy
tosing cells (x) in very low birth 
weight infants (groups 4 and 5) is sig
nificantly  lower than in group 2 of 
the preterm  newborns. However, the 
group o f small-for-date infants (group 
6) did not differ significantly from 
preterm  infants (Fig. 1). As regards 
the m ean number of engulfed partic
les per 1 cell and per 1 active cell 
(parameters y and z) the statistically 
evaluation of our results has shown, 
th a t there is a significantly decrease 
together with decreasing birth  weight, 
and, furtherm ore, th a t in small-for- 
-date newborns these param eters are 
significantly higher (Fig. 2 and 3).

D isc u ssio n

The aim  of the present study was to  
obtain deeper insight into the function 
of the neonate phagocytic system par
ticularly in preterm  and small-for- 
-date newborns using a new phagocytic 
assay w ith microspheric hydrophile 
particles. Our results showed th a t the 
values of all param eters investigated 
for determ ining cell phagocytic acti
v ity  were significantly lower in pre- 
term  newborns as compared with 
term  neonates. I t  was further shown,

th a t  there is a significant correlation 
between prem aturity and  impaired 
phagocytosis; i.e. the phagocytic ac
tiv ity  significantly decreases together 
with decreasing birth  weight.

Comparable studies in the  prema
tu re  newborn are lim ited and the re
sults still conflicting. In  preterm  new
borns, both normal up take  of various 
bacteria e.g. staphylococci [5, 6, 17, 
18], Ps. aeruginosa [4], C. albicans 
[25], streptococci [21] or non-living 
particles such as latex beads [23], and 
im paired phagocytosis of yeasts [1,3, 
16], carbon particles [7] and immu- 
nobeads [11], was described. Finally, 
increased uptake of colloid carbon 
particles of preterm infants was re
ported [19]. As regards o ther perinatal 
risk factors (besides p rem aturity ) and 
their effect on PMN phagocytosis, 
only lim ited data are available also. 
In  small-for-date infants the  functio
nal defect of phagocytic cells con
cerns chemotaxis [2], u p take  of sta
phylococci 110] and NBT reduction 
[12]. In our study we have shown 
th a t  small-for-date newborns have a 
significantly lower proportion of ac
tively phagocytosing cells th an  healthy 
term  newborns, but, in contrast, the 
mean number of ingested particles per 
cell was found to be higher than  in 
term  newborn cells.

On the basis of above mentioned 
da ta  one may conclude th a t  it  is 
necessary for studies of phagocytosis 
in high risk neonates to  have suitable, 
reproducible and sensitive phagocytic 
assays which are able to  uncover such 
subtle defects.
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