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DECREASED maternal immune responsiveness
during pregnancy may partly explain the surviv-
al of the fetus as an allograft. It may also account for
changes in discasc activity and antibody production in
several autoimmune discases during pregnancy and in
the post-partum period. Previous in vitro studies of
cellular immunity in pregnant women have demon-
strated decreased lymphocyte responses to phytohc-
magglutinin, ! to, mixed lymphocyte culture,’ and to
soluble antigens. 2 Anincreased incidence and severity
of certain viral infections has also been observed,!s* An
imbalance between helper and suppressor T cells has
rccently been demonstrated in several autoimmune
discases* and in immunodeficiency states,* in studies
using monoclonal antibodies that react against subsets
of T cells. To determine whether abnormalitics in
T-cell subsets might help to explain the immunodcfi-
cient state in pregnancy, we used monoclonal anti-
bodies to enumerate the proportion and absolute num-
ber of subsets of T cells and other peripheral-blood
mononuclear cells from normal pregnant women,
post-partum women, and newborns. We found a sig-
nificant decreasc in relative and absolute numbers of
helper T lymphocytes (T4+ cells) throughout preg-
nancy. Normalization of T4+ cclls occurred dur-
ing the third {o fifth month post partum. Qur findings
support previous cvidence of maternal immunode-
ficiency during pregnancy and indicate that it may
occur because of a reduction in the population of hclp—
er T cells. -

MEerHODS

Subjects

The study groups included 76 normal pregnant women in various
stages of pregnancy (eight in the first trimescer, 15 in the scoond, 10
in the third, and 33 in labor), 13 post-partum women {¢ight in the
first or sccond month and five in the third to fifth month post
partum), and 15 normal newborna. Thicty-four normal adult volun-
teers (12 men and 22 women), who had no history of taking hor-
moncs or other medications, were used as controls for studies of cord
blood. Nincteen normal, age-matchod, healthy (cmale volunteers
(rom chis group were also uaed a3 controls f6r the pregnant women,
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Preparation of Periphersl-Blood Mononuclear Calln

Heparinized peripheral blood (20 mi) was l'ncuomu:d by'
standard Ficoll-Hypaque gradicnt technigue. &

Monoclonal Antlbodles

Murinc monoclonal antibodies termed QKTS, OKT4, OKTB,._
OKMI, and OKla {Ortho Pharmaccutical, Raritan, N J.) wesel ¥
used in this study. Functionally, OKT3 defines all periphera) TZ #d
cclls,* OKT4 defines the human helper/inducer Tecall subiet S
OKTH defincs the lupprcssorlcytoloxlc T-cell subset,’ OKM! deiy] 4
fincs the monocyte/nuli-cell populatlon. and OKla defines B odiy™s;
monocytcs, and activated T cells.*

Procedures

For cach subject, 1x 10° periphcral-blood mononuclear cl:'lll pa 3
tube were pelieted in five scparate tubes, resuspended in 50 o[‘:}.ﬁ‘"‘ }
appropriatc dilution of OKT3, OKT4, OKT3, OKMI, or 0Klq$ H]
and incubated for 30 mintucs on ice. After two washes mth Hm; A
F-10 medium (Microbiological Associates, Walkersville, Md.} &gk
taining 10 per cent heat-inactivated fetal-call serum (Grand hh.nd_ A
B:ologlcal Grand [stand, N.Y.}, they were incubated for 30 manulu: Ay
on ice with a 1:30 dilution of a Avorescein-conjugated IgG fraction ol'/
goat antimouse IgG (hcavy—chain and light-chain) (Cappcl, Wcs(-
Chestcr, Pa.) that had previously been adsorbed with human lg(}
they werc then washed three times, fixed for 10 minutesin 4 per c:nt ’
paraformaldchyde, mounted on microscopical slides, and mmmad...
under ultraviolet light by means of cpifiuorcscence microscopy. qu’ 3
cach slide, approximatcly 200 cclls were counted. All analyau wcn: 3]
performed without knowledge of the source of the specimen. Momc;! 4
1gG was used instcad of monoclonal antibody 10 determine ba.c&d"h-
ground s(zmmg Uniformly less than 1 per cent of cells lh 2
fluorcseent staining with this serum. N

Surface-membrzne immunoglobulin-positive cells were enumer
aled with fluoresccin-conjugated polyvalent goat antihuman { m:k-,, A
munoglobulin (ancuc Kensington, Md.), as proviowsly db‘}.—)
1eribed.? Before staining, monocytes were labcled by incubation efy. %
eclls in 0.02 per cent wniform latex particles in F-10 medium with 10; "
per cent fetal-call serum for 60 minutes 21 37°C. Latex-ingesting Odh-r-
were examined by phasc-contrast microscopy. Approximately m d
cells were counted on cach slide. -39k

The white-ccll count and the diflerential count were used to czl :
late the numbser of positive cells per cubic millimeter. :

Slatl-ticl
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per cubic millimeter; P<0.01), as compared wnh'ih
normal fcmale comrols (45 1=6.1 ¢

partum (883 =331 cells per cubic millimeter). The petZ3
centage and absolute number of T cells (T3+ ccllsf g
(Fig. 2and Tablc 1) were significantly decreased in LP X
second and third timesters of pregnancy. The lowestEy

g




. [gG lraction &
(Cappel, wm'f%
th hurnm lgGm
ie3 in 4 per cent ¥
. and examined’,

1for 30 mmu(a;'-go: i
l

vicroscopy. For. 5
| :nalym m}& )
cimen. Monsq’f. {
stermine bad..v t
if cclls lhowﬁ F q

v mcubluon ﬂ'
redium with lO 1
~ingcsting c:l.l:
“oximarcly MQ

"t

Table !

cells we: ,
ant womcn
The abné

"t

men in thg?;,‘
3=169 ocll.':“.;?
=d with lhc Q
cent a.nd
pcrccntagc
and sccond(
<0.01) and&d !
2 post parts{-"
1te numbetiy

-

MEDICAL INTELLIGENCE — SRIDAMA ET AL 153

v+l 307 No.6
POST PRETVM (1}
NORMAL PREGNANT WOKER (€8] ]
ONE ™ FL L T -2 15
wonEx TRIMESTER {TRIMESTER |TRIMCSTER | LABOL woNTNS uoxTHs
Nit)) 131 {18] (14 [13) (1] (S[
10, P-0.001 F-0.001 Pa .08t P01 P-0.81 '
€0} [}
at e

\°‘°1{:;L ) g

* \s :

5 S ; R
i {‘f,‘ } T e W { :
= o] '

:_ 1" P.0.0§ P-0001 | P.0.000  Pa0.01 '

34 s .
% . *e .o : .
}”‘ tr |1 |ja L |14 b

Figure 1. Mean Percentage of T4+ Cells (Helper T Celis) and the T4+/T8+ Ratio in Normal Controls, Pregnant Women and Post-
. Parturn Women,
Bars represent S.D.; figures in brackets, the numbsers of subjects; and ns, no significant difference.

values” were observed in the third-trimester group
(50.3x4.9 per cent and 1052312 cells per cubic milli-
meter; P<0.01), as compared with the normal female
controls (68.28.7 per cent and 1652%627 cells per
wubic millimeter). When the data werc expressed as
the T4+/T8+ ratio (Fig. 1, bottom pancli), a signifi-
cant diflerence was found in the sccond and third tA-
mesters, dunng labor, and one to two months after
delivery, The lowest ratio occurred in the third trimes-
ter (1.1%0.4; P<0.001), as compared with normal con-
trols (2.0%0.6). Normalization of the ratio took place
during the third to filth month post partum (1.7£0.3).
The percentage and absolute number of suppressor/
cytotoxic T cells (T8+ cells) (Table 1) were not signifi-
cantly different from thosc in normal fcmale controls.

There was a significant increase in the percentage of
B cells at the time of labor (9.5%4.9 per cent; P<0.05),
as compared with normal controls (7.0x2.6 per
cent) (Fig. 3). No significant change in the absolute
number of B cells was found throughout pregnancy
(Table 2).

As shown in Figurc 3, the percentage of monocytes
{M 1+ cclis or latex-ingesting cells or both) was signifi-
cantly increased throughout pregnancy, with maxi-
mally incrcased M1+ cells at the time of labor
(30.3%14.0 per cent and 759%415 cells per cubic milli-
mcter), as compared with normal controls (18.4+8.0
per cent and 469223 cells per cubic millimeter). The
absolutc number of cells bearing Ia antigen (Ia+ cells)
did not significantly change, and the percentage

Table 1. Absolute Numbers of T3+, T4+, and T8+ Cells In Peripheral-Biood Mononuclear Celis from Normal Controls,
Pregnant Women, and Postpartum Women.

No. or Suniecry M2aw AGE (P.anGE) Ti+ Cevrs * T4+ Crs ® T+ Cena *
cellsfmm,

Normalcontcals t9 28 (20-38) 16524627 10732441 5684209
B irimester 8 26(20-29) 1209 394 freamt  Bexus
2d (imestcr 15 22 (18-24) 12314309 ¢ 736232 ¢ 498+ 149
3 rimesier 10 27(21-39) 10522312 t 5432169 % 582293
During labar 13 26(16-38) 13754678 137£382¢ 654x421
I1t-2d month post partum™ 8 27(19-38) 15024321 883311 620486
3d-5th month past parium s 33(29-36) 17311 584 10874387 7432
*Means 25.D,

tPCO.0l s compared with normal conteals,
IP<0.05 s compared with normal conteols.
§P <0000 as compared with notme! controls,
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Figure 2, Mean Percentage of T3+ Cells (Total T Cells) in Normal
Conlrols, Pregnant Women, and Post-Partum Women.

One astarisk indicates P<0.05, as compared with the mean value
in 19 normal womaen; two asterisks Indicate P<0.001. Bars repre-
sent S.0. The numbers of subjecis are the same
as in Figure 1.

changed only in the third trmester (30.5%5.1 per
cent), as comparcd with normal fcmale controls
(18.3%5.6 per cent) (Fig. 3 and Table 2).

Studies of cord blood showed significantly de-
creased pcrccntaécs of T3+ cells (52.4%16.1 per cent;
P<0.01) and T8+ cclls (16.7+7.6 per cent; P<0.01)
and significantly increased percentages of M1+ cclls
(29.9x15.4 per cent), la+ cells (25.9£8.1 per cent),
and B cclls (13.64.4 per cent; all P<<0.001), as com-
pared with normal malec and female adult controls

(Table 3).

Discussion

Several studies have demonstrated decreased cell-
mediated immune responscs in normal pregnant
“women, as measured by in vitro lymphocyte transfor-
mation, .2 However, cvaluations of the percentage and
absolulc number of peripheral T lymphocytes in preg-
nant women havc yiclded conﬂlct:ng ﬁndmgs includ-
ing no change,'® 2 decrease,'" and an increase.'? This
discrepancy in total T-lymphocytc enumeration may
be duc to variability in erythrocyte-rosetting methods.
Moreover, recent cvidence indicates that not all cells
that are capable of forming erythrocyte rosettes arc
thymus-processed cells.'® In this study, we used a
monoclonal antibody® that specifically reacts against
almost all T cells (OKT3) and found a significant
decreasc in the percentage and absolute number of T
lymphocytes (T3+ cells) in the second and third tri-
mesters of pregnancy. This decrcase in total T eclls
may be explained by a decrease in the proportion and
absolute number ofhelper T cells (T4 + cells) through-
out pregnancy. Our finding supports previous cvi-
dence of decreased ccll-mediated immune responsive-
ness during pregnancy, and this mechanism may be
important in nonrejection of the [ctal allograft by the
mother. Decreased immune responsivencss may oper-
ate in conjunction with other possible mechanisms,

including the local mechanical barrier,'t blockin g
antibodies,'* and soluble suppressor factors from thy
fetus'® — all leading to a successful outcome of p >
nancy.

and a high ratio of helper cclls to suppressor cells. ] %
patients with these disorders become pregnant, a d& @
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Table 2. Absolute Numbers of M1+ Celis, Monocytes {Latex-Ingesting Ceils), la+ Cells, and B Cells in Peripheral-Blood
Mononuciear Cefls from Normal Controls, Pregnant Women, and Post-Partum Women.

No. or Susncrs M+ Cres® Latex-ncastime Cates * la# Caua ® oCeu "
orvlsfmmq

Normal controls 13 46941213 54104 461 £200 165446
I8l \rimester 8§ 6604296 4914237 $59£143 - 1884 (40
2d trimester [} H9£2)6 4264186 461212 155181
3d irimester 10 692255 ¢ 5524197 ¢ 6204 148 159£118
During labor n 159415 ¢ 6384489 5414211 185258
15t-2d month post partum 8 616248 £16+2(3 5574282 189%131
Jd-5th month post partum s b6 147 362190 €90:£408 191281
*Means £5.D,

TP<0.03 as comparcd with acrene! controls.

creasc in helper T cells during pregnancy may lead toa
lower helper/suppressor ratic and consequently to
lower antibody production. This phenomenon may ex-
plain the finding of decreased autoantibody produc-
tion during pregnancy in autoimmune th)lroid dis-
cuses'® and systemic lupus erythematosus'” and may
also explain the favorable course and clinical improve-
ment in some cases of systemic lupus erythematosus, '8
rheumatoid arthritis,'® and Graves’ discase?® during
pregnancy. However, exacerbation and progression of
systemic lupus erythematosus during pregnancy has
also becn observed.?! This may reflect the natural
course of systemic fupus erythematosus and a failurc of
the altered immune status during pregnancy to modify
that course. A return to pre-pregnancy levels of helper
1" eells in the post-partum period may explain the post-
partum cxacerbation and rebound of autoantibody
production in autoimmunc thyroid discases'®?° and
systemic lupus erythematosus,'®?!

Increased rates-of abortion and fetal loss have been
observed in pregnant women with systemic lupus
crythematosus'® or Graves’ disease.?? These findings
may be explained in part by a decrease in T8+ cells in
these patients,** which could lcad to higher helper/
suppressor ratios than are present in normal pregnant
women; a low helper/suppressor ratio is probably
unportant in the maintenance of normal preg-
nancy. However, other factors may also contribute to
the high abortion rate among these patients — for
cxample, uremia, vasculitis, and the hyperthyroid
state,

A dccreasein T4+ cells may be a eonsequence of the
hormonal changes associated with pregnancy. Human
chorionic gonadotropin, cstrogen, progesterone, corti-
costeroids, a-fetoprotein, prolactin, and a-globulin
have been shown to have immunosuppressive effects
during in vitro studics.'

Our studies of B cells confirmed the previous finding
that there is no change in the absolute numbers of B
cells in pregnancy.'® The increase in the percentage of
monocytes that we noted during pregnancy may have
been partly duc to the decrease in the proportion of T
cclls, However, there was also an increase in the abso-
lute number of monocytes dunng pregnancy. The in-

crease in the percentage of Ia+ cells in the third tri-
mester may have been due to the increase in the
percentage of monocytes.

Recent studics of subpopulations of T cells by meth-
ods identifying Fc receptors?® demonstrated increased
Ty cells and decreased Ty cells (which were thought
to be suppressor and helper T cells, respectively) in
normai pregnant women. However, several studies
have demonstrated that Tyand Ty cells are not homo-
gencous populations of suppressor and helper T
cells.'22* A high proportion of Ty cells react with
OKMI, lack T-cell markers (the T3 antigen),** and
have high natural-killer activity.'> Our findings sug-
gest that the immunodcficient statc in pregnancy is
probably due primarily to a decreasc in helper T cells
(T4+ cells).

Demonstrations of high suppressive activity of
neonatal lymphocytes during in vitro studies led to the
hypothesis that suppressor factors from the fctus might
cause immunodcficiency in pregnancy. Our finding of
decreased T8+ cells in the cord blood is in agreement
with previous studies?™ but argues against that hy-
pothesis. Evidence that T4+ and T8+ cells in cord
blood are functionally different from adult T cells?

Table 3. Percentages of Various Cell Types In Mononuclear

Cells ffom Cord Blood of 15 Normal Newborns (Eight Boys

and Seven Girls) and from Peripheral Blood of 34 Normal
Adult Controls (12 Men and 22 Women).®

Coe Tyrt ApuLts ConTaou Corp-BLooo SamrLes

T3+ (%) 654186 524£16.1 ¢

T4+ (%) 430415 €.5+15.9

Te+ (%) 242454 16.7£76 ¢
T4+ /TE+ 1atio 1.9%0.6 3.2£22%

M+ (%) 19.528.1 2994154 ¢

Latex-ingesting (%) 14,640 . 18.7£18.5

lat (%) 18368 25.9£8.1§

B oclls (%) 13240 13,6244}
*Means £5.D.

$P<0.01 s compared with adult controh,
${P<0.05 s1 compared with sdult contcgls,
$P<0.001 a1 compared with adull controk,
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makes a full interpretation of the results of the cord-
blood study impossible.

In conclusion, our finding of dccrcascd helper T

cells in normal pregnancy supports the evidence of
immunodeficiency in pregnant women and may indi-
catc one mechanism allowing survival of the fetal allo-
graft during normal pregnancy.
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INTRAMUSCULAR OR INTRALIPOMATO
INJECTIONS?

W. Perer Cocxsaott, M.D,,
Gerarp T. Tuowmrson, M.B.,

Lois J. HoweeTT,
AND EvizaBeTn T. SeELeY, B.Sc.N., M.Sc.N.

VIEWING routine computerized- tomography (CT)]
scans of the pelvis suggests thatina North Arncn. <
ican population the majority ofmjccuons intended to"
be intramuscular are actually delivered into [at. f..;-
To confirm or refute this impression we studied- thc
thickness of glutcal fat in a hospital population, W'y
found that fcw female paticnts and under |5 per cent 6
male paticnts do in fact reccive an intramuscular injecl]
tion when a needle of the usual size is inscrted into the%
buttocks. The implications of this finding are dxscus odi
below. :

METHODS

To lcarn wheee the needle is introduced in intramuscular lnjco'f
tions, we obscrved both student and graduate nurscs. The dassiciif

*

arca of the upper outer quadrant of the burtock was used in all?‘
instances by both groups. {a simulated lnjccuons in which a b-lll-‘- :
point pen was used to demarcale the injection site, 12 studeat ourses
scaitered their injections on the upper quadraat over a 4.5-cm cu-d: 3 -
when the paucnl lay pronc and over a 5.6-cm circle when d\c:‘
paticnt was in an obliquc decubitus position. Although the cpxa:m ‘_"'_
was the samc distance from the iliac crest when the pamcnt was m
cither of these posu:ons itlay3cm po:t:norly when the patient wayis g
ina scmtobhquc position. In adul: paumls who were about to have
CT scanning ol the pelvis, gndualc scnior nurscs lapcd a lead :*tot.\:_;:
to the skin to mark the posmon where they would give the i :nJccuon.,—»
These shots were placed in the same demarcated area at levels &
varying from the lower border of the fifth lumbar vericbra 10 tbe;
lowce part of the sccond sacral segment. [t was found that !.hu, '
thickness of the premuscular fat did not vary slgmﬁcznlly cither 33 ]
vertically or transversely over the likely injection sites selected by .ct
both student and graduatc nurses, We mcasured che distance be-- %t
tween the skin 2nd muscle at these levels and found negligible dlﬂ'u'u
enccs in the thickness of the layer of fat, although the musdle bulk )
diminished as the level selected approached the [evel of the iliac ‘-:
cresi. et
The gluteal-fat thickness was then measured on the left side of 253
213 adults (both inpatients and outpaticnts) scheduled for & CT '}
examination that included the pelvis. We assumed that this umple B
hospital population could be considered representative of all pa<sig
tients recciving intramuscular injections. The total of premuscular i
fat — both supcrﬁ::al and decp — 10 the decp fascia at che S1 lovel . ..x :
was measured in the 213 adults, and body weight was recorded ¢ 13
in 123, ’ -7
T
ResuLts A
X
At any given weight women had a mean gluteal-fat=iE?
thickness nearly 2.5 cm greater than men, confirming -
the obvious fact that women are more steatopygous: g
(Fig. 1). The depth of fat increased untdil the {ourth:FH
dccade of lifc and leveled off or diminished lhcrcaflcr 7
in the overall scrics of 213 adults.
The ncedle generally used for intramuscular injec- - :‘i

tions in our hospital is 3.5 cm long. Observation has3&f
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