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Nonimmune rosette formation: A 
newborn infant's cellular immune 

measure of  the 
response 

Nonimmune rosette formation, an in vitro measure of  cellular immunity, was evaluated in normal 
newborn infants. Active rosette formation in 14 specimens of  cord blood was 18.9 +_ 4.8% compared to 
28.1 +_ 5.2% in 15 adult control samples (p < 0.05). Total rosette formation in 13 cord blood samples was 
33.3 +_ 7.6% compared to 55.1 +_ 6.5% in 15 adult control specimens (1o < 0.05). Tritiated thymidine 
uptake from phytohemagglutinin stimulation was comparable in cord blood and adult control 

lymphocytes. The importance of  these findings is discussed in light of  other recent reports suggesting 
that cord blood thymic derived T lymphocytes may have reduced immune capability when compared to 
adult lymphocytes. 

Richard H. Davis, M.D., and Stanley P.  Ga lan t ,  M.D. ,*  I rv ine ,  Cal i f .  

THE NEWBORN INFANT has unique susceptibility to 
fungal, viral, protozoan, and certain bacterial infec- 
tions?. 2 These organisms require an intact cell-mediated 
pathway of the immune system for effective killing to 
occur? This pathway involves antigen recognition, 
thymic-derived lymphocyte proliferation, lymphokine 
release, macrophage activation, and nonimmunologic 
inflammatory factors? The newborn infant's cellular 
immunity has been evaluated for several of  these factors. 
Cord blood lymphocytes can respond to several ubiqui- 
tous mitogens and antigens with a good proliferative 
response?. ~ In fact, high spontaneous blast transforma- 
tion occurs in these lymphocytes, as compared to adult 
ceils. ~ Several recent studies, however, suggest that 
lymphokine release 7 and direct lymphocyte-killing ability 8 
may be significantly less active in the lymphocytes of  cord 
blood. In vivo testing, such as development of  cutaneous- 
delayed hypersensitivity to dinitrochlorobenzene, ~ cuta- 
neous hypersensitivity following the transfer of  sensitized 
maternal lymphocytes (to purified protein derivative), 1~ 
and graft rejection, 1~ reveals a diminished response in the 
newborn infant compared to the adult. One cannot 
conclude from these latter studies, however, that immuno- 
logic factors are abnormal, since these results could easily 
reflect the known reduced inflammatory capability of  the 
newborn infant's skin. '2 

*Reprint address: Department of Pediatrics, University of 
California, lrvine, lrvine, Calif. 92664. 

Recently, techniques utilizing cell surface markers have 
been developed to characterize the thymic-derived 
lymphocyte . . . . .  and bursal-derived lymphocyte. 15 The 
purpose of this study is to investigate the newborn infant's 
cellular immune response utilizing the technique of  non- 
immune rosette formation, which is believed to  correlate 
with T lymphocyte function. 13 The E rosette is formed 
when three or more sheep red blood cells attach to a T 
lymphocyte. This occurs without prior sensitization or 
utilization of complement. E rosettes have been classified 
by Wybran and associates 13 into active and total catego- 
ries. Active rosettes are those rapid rosette formers read 

Abbreviations used 
PHA: phytohemagglutinin 
T: thymic derived 
B: bursal derived 
E: nonimmune 

following a short incubation. Decreases in rosette forma- 
tion seen with some viral and neoplastic diseases appear 
to involve primarily active rosettes. TM Total rosettes are 
read after a longer incubation period and are thought to 
reflect the total number of peripheral T lymphocytes. 13, 1, 
In this study we are reporting both active and total rosette 
formation in cord blood lymphocytes. 

M A T E R I A L S  A N D  M E T H O D S  

Ten to 15 ml of cord blood and a control specimen from 
a healthy adult are collected in heparinized containers 
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Newborn Adult 
Fig. !. Percentage of active E rosettes is shown on the ordinate 
and newborn and adult populations are separated on the 
abscissa. The mean and 1 SD are shown (t). 

(100 units sodium heparin/ml blood). The blood is 
diluted to 35 ml with phosphate-buffered saline and then 
underlayed with 15 ml of Ficoll-Hypaque. This mixture is 
centrifuged for 40 minutes at 100 g. The lymphocytes 
separate at the saline Ficoll-Hypaque interface and are 
remoVed by pipette. They are washed three times in 
phosphate-buffered saline and resuspended to a final 
concentration o f  1.0 x 10 ~ cells/ml. Fetal calf serum is 
adsorbed against sheep red blood cells and incubated for 

one hour at 56~ 
Active E rosettes are formed by adding 0.05 ml of 

washed lymphocytes (1.0 • 10 ' cells/ml) to 0.05 ml of 
fetal calf serum and incubated in 5% CO2 at 37~ for one 
hour. Following this 0.40 ml of washed sheep red blood 
cells (1.0 • 10 ~ cel!s/ml ) are added and the mixture is 
centrifuged for 5 minutes at 100 g. The pellet is gently 
resuspended and the active rosettes are counted. Rosettes 

are defined as lymphocytes with three or more sheep red 
blood cells attached to their surface and are expressed as a 
percentage of the total number of lymphocytes. Total E 
rosettes are formed by adding 0.05 ml of lymphocytes, 
0.05 ml of fetal calf serum and 0.40 ml of sheep red blood 
cells simultaneously, centrifuging for 5 minutes at 100 g 

Newborn Adult 
Fig. 2. Percentage of total E rosettes is shown on the ordinate and 
newborn adult populations are separated on the abscissa. The 
mean and 1 SD are shown (t). 

and leaving at room temperature overnight (16 to 20 
hours). The next day the total rosettes are counted. 

Mean values and standard deviations were determined 
for active and total rosettes in both cord blood and adult 
control specimens. The t test for the difference between 
two means was used to compare adult and cord blood E 

rosette formation. 1~ 
Phytohemagglutinin stimulation of peripheral blood 

lymphocytes was performed in the usual manner 5 for 
comparative purposes with rosette formation. Highly 
purified Burroughs Wellcome PHA at 0.5 btg/ml was used. 
Trypan blue exclusion was used to evaluate cell viability 

of the cord blood. 

R E S U L T S  

Active rosette formation in 14 cord blood specimens 
with a mean value of 18.9 _+ 4.8% was significantly less 
than the control result of 28.1 _ 5.2% in 15 adult subjects 
(p < 0.05). As can be seen in Fig. 1, the adult and new- 

born active rosette populations clearly fall in two distinct 
groups. Total rosette formation in 13 specimens of cord 
blood had an average value of 33.3 _+ 7.6% (Fig. 1) and 
the control adult mean value in 15 samples was 
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51.0 + 6.5% (Fig. 2). The p value for this difference was 
also less than 0.05. There is no overlap of  adult and 
neonatal total rosette percentages. 

Result of PHA stimulation (Table I) revealed compa- 
rable tritiated thymidine uptake in cord blood and adult 
control lymphocytes. The lower stimulation indices seen 
in the cord blood reflect the common observation that 
these unstimulated cells have high spontaneous incorpo- 
ration. Finally, trypan blue exclusion revealed > 99% 
viability of  both cord blood and adult control cells. 

D I S C U S S I O N  

We have found a significantly lower percentage of  
active and total rosette formers in the lymphocytes of  cord 
blood compared to that of the adult control specimens. I f  
total E rosettes generally reflect the percent of T lympho- 
cytes in the peripheral blood, TM 14 our findings suggest that 
the neonate has a relative decrease in circulating T 
lymphocytes. This could be accounted for by a dilutional 
effect of  increased numbers of B lymphocytes or of "null" 
cells, TM or by immaturity of the sheep red blood cell 
receptors on the T lymphocyte. The rapid forming active 
rosettes, which may be a subpopulation of T lymphocytes, 
are thought by some to be more indicative of T lympho- 
cyte competence than the total rosette population. 13, ,9 
This was also significantly reduced in the lymphocytes of  

c o r d  blood. 
Ferguson and associates ~9 reported that normal neo- 

nates, 1 to 10 days of  age, had total rosette formation 
which did not differ significantly from adult controls. 
However, these data are not comparable to studying only 
lymphocytes of  cord blood as in the present study. Smith ~' 
recently described statistically significant lower total 
rosettes in cord blood when compared to young adults. 

Our observed decreases in percent of  E rosette forma- 
tion is not in agreement with the neonate's normal re- 
sponse to PHA stimulation. "~ We have also found a 
response comparable to adult controls in lymphocYtes of  
cord blood; however, heterogeneity of  lymphocyte re- 
sponse is not unusuaF2 In addition, the findings of  
essentially normal PHA responses in Ferguson and asso- 
ciates TM report in patients with abnormal delayed cuta- 
neous hypersensitivity and diminished rosette formation 
suggest that E rosette formation may be a more sensitive 
indicator of cell-mediated, immunity. Evidence that 
lymphotoxin release may be defective in cord blood 
lymphocytes with normal PHA response 7 supports this 
contention. 

In vivo studies of cell-mediated immunity in the 
neonate previously reported have been hampered by their 
diminished inflammatory response in this age group? ~ 

Table I. Phytohemagglutinin (PHA) stimulation 

Tritiated thymidine uptake 
(mean counts per minute) 

P H A -  I PHA + 

Stimulation 
index 

PHA + / 
PHA - 

Adult controls 
1 1,440 36,604 25.6 
2 1,067 40,268 37.8 
3 375 35,581 94.9 

Cord blood 
1 2,628 37,380 14.2 
2 4,045 63,860 15.8 
3 3,421 38,523 11.3 

Thus, in vitro stimulation of cord blood lymphocytes with 
PHA has been used to evaluate cell-mediated immunity in 
the newborn infant. It is becoming increasingly clear, 
however, that the proliferative response to PHA, although 
valuable in the general assessment of T lymphocyte func- 
tion, may give tittle information about the effector capa- 
bility of  the T call? ~ Perhaps E rosette formation will 
provide better corrdat ion with T effector function. 

Our study gives further evidence that in addition to a 
diminished inflammatory response, the neonate may 
actually have reduced capacity for cell-mediated immune 
responses. Further clarification will necessitate correlating 
E rosette formation with T effector cell function, particu- 
larly lymphokine release, in cord blood lymphocytes as 
well as in lymphocytes of  the older neonate. 

R E F E R E N C E S  

1. Gotoff SP: Neonatal immunity, J PEDIATR 85:149, 1974. 
2. Dossett JH: Microbial defenses of the child and man, 

Pediatr Clin North Am 19:366, 1972. 
3. Mackaness GB: Resistance to intracellular infection, J 

Infect Dis 123:439~ 1971. 
4. Eisen HE: Cell mediated hypersensitivity and immunity in 

immunology, New York, t974, Harper & Row, Publishers, p 
558. 

5. Leikin S, Mochjr-Fatemi F, and Park K: Blast transforma- 
tion of lymphocytes from newborn human infants, J 
PEDIATR 72:510, 1968. 

6. Carr MC, Stites DP, and Fudenberg HH: Cellular immune 
aspects of the human fetal maternal relationship, Cell 
Immunol 5:21, 1972. 

7. Eife R, Eife G, Kuhre W, and August C: Lymphotoxin 
production and blast cell transformation by newborn 
lymphocytes, Clin Res 22:227A, 1974. 

8. Ling NR, Hardy DA, and Steel CM: Human mixed cell 
reaction in relation to surveillance of lymphoid tissue in 
lymphocyte recognition and effector mechanism, in 
Lindahl-Kiessling K, and Wocha D, editors: New York, 
1973, Academic Press, Inc., p 235. 

9. Uhr J, Dancis J, and Newmann CG: Delayed hypersensi- 



4 5 2 Davis and Grant The Journal of Pediatrics 
September 1975 

tivity in premature neonatal humans, Nature 187:1130, 
1960. 

10. Fireman P, Kumate J, and Gitlin D: Development of 
delayed hypersensitivity in neonates (abstract). Excerpta 
Med. (Amst.), Sect. VII. International Congress of Allergol- 
ogy No. 211, 1970. 

11. Fowler R Jr, Shubert WK, and West CD: Acquired partial 
tolerance to homologous skin grafts in the human infant at 
birth, Ann NY Acad Sci 87:403, 1960. 

12. Miller ME: The immuno deficiencies of immaturity, in 
Stiehm ER, and Fulginiti UA, editors: Immunologic disor- 
ders in infants and children, Philadelphia, 1973, WB Saun- 
ders Company, p 168. 

13. Wybran J, Levin AS, Spitler LE, and Fudenberg HH: 
Rosette-forming cells, immunologic deficiency diseases and 
transfer factor, N Engl J Med 288:710, 1973. 

14. Jondal M, Holm G, and Wigzell H: Surface markers on T 
and B lymphocytes, J Exp Med 136:207, 1972. 

15. Papamichail M, Brown JC, and Holborow EJ: Immunoglo- 
bulins on the surface of human lymphocytes, Lancet 2:850, 
1971. 

16. Wybran J, and Fudenberg HH: Thymic-derived rosette 
forming cells in various human disease states: cancer, 

lymphoma, bacterial and viral infections and other diseases, 
J Clin Invest 52:1026, 1973. 

17. Diem K: Documenta Geigg scientific tables, New York, 
1962, Ben Johnson and Company, Ltd., p 170. 

18. Kersey J, Gajl-Peczalska KJ, and Nesbit ME: The 
lymphoid system: Abnormalities in immunodeficiency and 
malignancy. J PEDIATR 84:789, 1974. 

19. Hong R, and Horowitz S: Thymosin therapy creates a 
"Hassall?" N Engl J Med 292:104, 1975. 

20. Ferguson AC, Lawlor G J, Neumann CG, Oh W, and 
Stiehm, ER: Decreased rosette forming lymphocytes in 
malnutrition and intrauterine growth retardation. J PEDIATR 
85:717, 1974. 

21. Smith MA, Evans J, and Steel CM: Age related variation in 
proportion of circulating T cells, Lancet 2:922, 1974. 

22. Meuwissen HJ, Bach FH, Hong R, and Good RA: Lympho- 
cyte studies in congenital thymic dysplasia: The one way 
stimulation test, J PEDIATR 72:177, 1968. 

23. Riehl H, Vogt W, Bochert G, Schmitt S, Schaoua H, and 
Moelle K: Lymphocyte transformation and production of a 
human mononuclear leukocyte chemotactic factor in 
patients with Hodgkin's disease, Clin Exp Immunol 17:407, 
1974. 




