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Although the pathophysiology of acute measles virus infection has been well
described in the past (1), many of the immunologic sequelae of the illness have
remained the subject of extensive investigation . The immune mechanisms
underlying the observations that infants (2) and immunosuppressed children
andadults (3) often succumb to a fatal form ofthis disease, that antibody (4) and
protection from infection (2) can remain high for more than 60 yr in the absence
of repeated antigenic stimulation, and that delayed cutaneous hypersensitivity
(DCH)' to tuberculoprotein is lost during acute measles infection (5) have all
eluded definitive explanation. We have recently demonstrated that measles
virus markedly inhibits the capacity of lymphocytes to respond to mitogenic
stimulation in vitro (6) and speculated that direct infection of the lymphocyte by
measles virus may be the cause of this suppression of immune responsiveness .
Evidence that the virus replicates in lymphoid tissues producing characteristic
cytopathic effect (CPE) or virus antigen (observed by immunofluorescence) was
demonstrated in thymus (7,8), tonsils, lymph nodes, and spleen (7) of man or
experimentally infected monkeysduring acute infection. It also has been demon-
strated that circulating lymphocytes taken during the acute stages of measles
show evidence of measles virus infection when stimulated by phytohemaggluti-
nin (PHA) (9) .
The present series of experiments were performed in an attempt to define an

in vitro model to correlate with these clinical observations by determining the
susceptibility ofhuman mononuclear cells to measles virus infection . In addition
to evaluating the effect of various mitogens on this susceptibility, the type of
infection noted in mononuclear cells derived from infants and an adult without
previous exposure to measles infection or immunization was compared to that
seen in mononuclear cells from adults with historical or serologic evidence of
prior measles infection .

'Presented in part at the National Institute of Neurological Disease and Stroke Conference on
Cellular Immunity and SSPE, March 10, 1975, Fogarty International Center, National Institutes
of Health, Bethesda, Md.

`Abbreviations used in this paper: CMI, cell-mediated immunity ; CON-A, concanavalin A ;
CPE, cytopathic effect ; DCH, delayed cutaneous hypersensitivity ; FA, fluorescent antibody ; FCS,
fetal calf serum ; HI, hemagglutination inhibition ; HSV, herpes simplex virus ; PBL, peripheral
blood lymphocytes ; PBM, peripheral blood monocytes ; PBMC, peripheral blood mononuclear cells ;
PBS, phosphate-buffered saline ; PFU, plaque-forming units ; PHA, phytohemagglutinin ; PWM,
pokeweed mitogen ; SSPE, subacute sclerosing panencephalitis ; VSV, vesicular stomatitis virus .
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MONONUCLEAR CELLS AND MEASLES VIRUS

Materials and Methods
Virus .

	

The Edmonston wild (HEKs) measles virus strain passed seven additional times in a
continuous African green monkey (Vero) cell line was used throughout the study. The viruses
were propagated in cells maintained in Eagle's minimal essential medium with 10% fetal calf
serum (FCS) (Flow Laboratories, Inc., Rockville, Md.) . Suspensions of virus were harvested by
collecting medium or homogenizing infected cell sheets at the time of maximal CPE. Virus pools
contained 10'-°-10' 6 plaque-forming units (PFU)/ml when assayed on Vero cell monolayers (10) .
Human Blood Cell Cultures .

	

Peripheral blood mononuclear cells (PBMC) were obtained from
heparinized venous blood of adults and from cord blood specimens obtained at delivery and
separated by Ficoll-Hypaque gradient centrifugation (11) . All adult donors, with the exception of
one donor, had experienced prior measles infection as determined by serum hemagglutination
inhibition (HI) titrations . Theone adult donor with a negative measles history had no measles HI
(<1 :8) or neutralizing antibodies (<1 :8). Cord blood specimens were obtained from healthy full-
term neonates . Mononuclear cells were cultured in RPMI 1640 supplemented with 20%FCS, 100U
penicillin, and 100 wg streptomycin/ml. PBMC preparations contained 70-80% lymphocytes, 10-
20% monocytes, and less than 10% polymorphonuclear leukocytes, as determined by cell morphol-
ogy and latex particle phagocytosis . Peripheral blood lymphocyte (PBL) preparations were ob-
tained by allowing monocytes to adhere to the surface of 32-oz glass tissue culture bottles
overnight in the presence of 20% FCS. The nonadherent cells were poured off and these prepara-
tions contained fewer than 2% latex-ingesting monocytes.

Peripheral blood monocyte (PBM) preparations were obtained by placing 10' PBMC in 2 ml of
medium and allowing the monocytes to adhere to the surface ofa 35 mm plastic petri dish for 2 h at
37'C (12) . The nonadherent cells were removed by washing the dish 4 times with medium .
Preparations obtained using this method contained greater than 80% monocytes as determined by
morphology and surface markers (12) . In addition it was shown that the majority of adherent cells
were monocytes by their ability to ingest latex particles. The adherent monocytes undergo
morphological transformation to macrophages after being placed into tissue culture Z13) . The
number of monocytes obtained using this method varied from 5 x 10 5 to 2 x 106 cells/dish .

Cell Counts and Viability.

	

Total and differential cell counts were performed by the use of a
crystal violet nuclear stain. Cell viability was assessed by 0.5% trypan blue exclusion. Latex
particle phagocytosis was determined by incubating 1 x 106 cells in medium RPMI containing 20%
FCS with 0.1 ml of 0.1% latex particles (1 .1 Am diameter). After a 45 min incubation period the
cells were washed 3 times in phosphate-buffered saline (PBS) and the percentage of cells contain-
ing ingested latex particles was determined by counting in a hemocytometer.

Mitogens .

	

All mitogens were diluted in PBS, pH 7.4 . Purified PHA (Burroughs Wellcome &
Co ., Inc., Research Triangle Park, N. C .) was used at a concentration of 1 Wg/0.1 ml, concanavalin
A (CON-A) (Calbiochem, San Diego, Calif.) at 12,ug/0.1 ml and pokeweed mitogen (PWM) (Grand
Island Biological Corp ., Grand Island, N. Y.) at 100 pg/0 .1 ml . These concentrations of mitogen
were found to produce maximum stimulation of lymphocytes as determined by [3H] thymidine
incorporation .

Infection ofBlood Cell Cultures .

	

PBMC and PBL were suspended in medium at a concentra-
tion of 1 x 10 6/ml. 1 ml ofcell suspension was added to each 16 x 125 tissue culture tube . Mitogen-
stimulated cultures received 0.1 ml of PBS containing the appropriate amount of mitogen.

Control and PHA-stimulated cultures were incubated for 4 h at 37°C at which time the cells
were sedimented, medium aspirated, and 0.2 ml of measles virus (106-10' PFU) was added to each
tube . The tubes then were incubated for 1 h at37°C in 5% CO 2 after which 0.8 ml of medium with or
without 0.1 ml of PHA was added and the cultures were reincubated for an additional 72 h.

CON-A- and PWM-stimulated lymphocytes were incubated for 5 days, at which time the cells
were sedimented and infected with measles virus in the same manner as for PHA-stimulated
cultures . After infection, CON-A- and PWM-stimulated cells were incubated for an additional 24
h.
PBMC were stimulated in a one-way mixed leukocyte culture utilizing a mitomycin C-treated

human lymphoblastoid cell line as the stimulator, as previously described (14) . After 5 days of
stimulation the cells were placed in culture tubes at a concentration of 1 x 10 6/ml and infected with
measles virus in the same manner as for PHA-stimulated cultures . After infection the cultures
were incubated an additional 24 h.
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PBM preparations were infected on the day of separation by adding 0.2 ml of virus (106-10'
PFU) to each dish . The dishes were incubated for 1 h at 37'C in 5% CO z, at which time 0.8 ml of
medium was added to each dish and the cultures were incubated an additional 72 h. The adherent
cells were removed by scraping with a rubber policeman and an infectious centers assay was
performed. In addition, one experiment was performed where the monocyte preparations were
placed in culture for a 2 wk period and infection was carried out on days 7 and 14, after
morphologic transformation into macrophages had occurred .

Supernate Titration .

	

Supernate harvests were titrated by the determination of either mean
tissue culture infective dose values in microtitration plates (15) or by PFU in Petri dishes (10) .
Both techniques gave comparable results .

Briefly, the microtitration technique involved placing a suspension of Vero cells into each well
of a microtitration plate (Falcon Microtest II ; Falcon Plastics, Div. of BioQuest, Oxnard, Calif.)
and allowing the cells to incubate for 1 h at 37°C . 0.1 ml of serial 10-fold dilutions was then added to
each of 4 or 8 replicate wells and the plate was allowed to incubate at 35°C . CPE was read at 5-10
days and 50% end points were determined by the method of Karber (16) . PFU determinations were
made by adding 0.2 ml of each virus dilution in duplicate to 35-mm plastic Petri dishes containing
Vero cell monolayers . Cells were incubated for 1 h at 37'C and 3 ml of overlay medium were then
added. After incubation at 35'C for 4 days, 1 ml of a 0.1% neutral red solution was added and the
excess aspirated after 10 min. The dishes were allowed to incubate an additional 4-5 days before
plaques were counted.

Infectious Centers Assay .

	

Quantitation of the percent of cells containing infectious virus was
performed using a modification of the technique of Jimenez et al . (17) .

On the appropriate day after measles virus infection, lymphocyte and monocyte preparations
were sedimented by centrifugation in 16 x 125 tissue culture tubes. Tissue culture medium was
removed and the cells were incubated with 3 ml of a 1 :30-1:50 dilution of equine antimeasles
antibody which titered 1 :4,096 by HI testing .

The cells were incubated for 1 h at 37°C and then washed 3 times with medium . Cell counts were
adjusted to 5-100,000 cells/ml and 0.2 ml of each dilution was added to each of two 35-mm plastic
petri dishes containing preformed Vero monolayers and allowed to incubate at 37'C for 1 h. 1 ml of
overlay medium, was then gently added to the plates and the plates were allowed to remain
immobile until the overlay had hardened . An additional 2 ml of overlay medium were added and
the dishes handled as noted previously for PFU determinations . The number of plaques appearing
divided by the number of cells initally added yielded the percentage of cells infected .

Fluorescent Antibody (FA) Technique .

	

Intracellular measles antigen in acetone fixed lympho-
cytes was determined by the indirect FA technique as will be described in a later paper using
hyperimmune monkey antisera .'

Results
Measles Virus Survival at 37°C .

	

Several experiments were performed where
0.2-ml samples of measles virus used during the study were added to tissue
culture medium and incubated in tubes and microtiter plates at 37°C . Samples
were removed at various times after inoculation and the titer of infectious
measles virus was determined . Infectious virus was recoverable during the first
several hours after incubation ; however, after 24 h of incubation at 37°C no
infectious measles virus remained .

Infection ofPBMC.

	

The results of infection of freshly isolated mononuclear
cells from healthy adults in 10 experiments are summarized in Table I. The
unstimulated PBMC and PBL preparations, which contained approximately 80
and 98% lymphocytes, respectively, yielded little virus 72 h after infection and

2 Barry, D. W., J. L. Sullivan, S. J. Lucas, R. C . Dunlap, and P. Albrecht . 1975 . Measles
infection ofhuman mononuclear cells . II . Acute and chronic infection of lymphoblastoid cell lines.
Manuscript submitted for publication .
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* ND, not done

TABLE I
Evidence of Measles Infection in Adult Mononuclear Cells at 72 h

the cultures contained few giant cells and only 3-7% FA-positive cells . Few of
the FA-positive cells (0.2%) yielded infectious virus as determined by the infec-
tious .centers assay and less than 10 PFU/ml of cell-free infectious virus were
produced by these cells . The same cells, when stimulated with PHA, however,
produced 625-1,600 PFU/ml of infectious virus in the supernatant fluid . The
lymphocytes underwent extensive giant cell formation which comprised up to
15% of the total cells in some of the cultures, and 50-70% of the cells in culture
showed evidence of measles antigen by FA. Although it would appear that only
a small percentage of cells (7-8%) contained infectious virus as determined by
infectious centers assay, these percentages are artifactually low since the major-
ity of the infected cells originally in culture were included in giant cells, and a
giant cell containing the nuclei of up to 50 infected lymphocytes would be
considered a single infectious unit (Fig . 1) .

Less than 1% of the monocytes were infected, as determined by characteristic
CPE, FA, or infectious centers, although the few cells infected yielded 125
PFU/ml of virus in the supernatant fluid . The percentage of monocytes from the
measles-nonimmune adult which were infected (0.4%) was in the range obtained
with monocytes from measles-immune adults (0.01-0.5%) . In order to determine
if monocytes became more susceptible to infection after undergoing morphologic
change to macrophages, monocyte preparations were infected at different time
intervals after being placed in culture . Susceptibility to infection was measured
by determining supernatant virus titers at various times after inoculation . In
addition, monocyte preparations infected at days 0 and 14 were assayed for
infectious centers 24 h after infection . Table II shows that monocyte prepara-
tions infected on days 0 and 7 and after 14 days in culture showed no striking
difference in their ability to replicate measles virus as determined by superna-
tant virus titers and infectious centers assay . The number of cells containing
infectious virus at day 14 after they had undergone morphological transforma-
tion into macrophages was 0 .2% and not significantly different from the 0.4%
level noted on day 0 when they were still monocytic in nature .

Infection of Cord Blood Mononuclear Cells .

	

The results of infection of cord
blood mononuclear cells are summarized in Table III and is compared with
mononuclear cells from one measles-nonimmune and several measles-immune
adult donors . Unstimulated cord blood mononuclear cells (primarily lympho-

Cell type
PHA
stimu-
lation

Giant cells

%

Cells positive by
immuno-

fluoresence

%

Infectious
centers assay
mean (range)

%

Supernate titer (range)

mean PFU/ml
PBMC - i 3-7 0.2 (0 .01-0.5) <10 -
PBMC + 5-15 50-70 8.0 (4-16) 625 (50-1,500)
PBL - i 3-5 ND* <10 -
PBL + 5-15 50-70 7 .0 (1 .5-12) 1,600 (400-3,200)
PBM - i <1 0.2 (0 .01-0.5) 125(6-250)
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FIG . 1 . Multinucleated giant cell formed in measles virus-infected PHA-stimulated lym-
phocyte culture . Acridine orange stain. x 270 .

cytes) were somewhat more susceptible to measles virus infection) 1.0-1 .2%
positive by infectious centers assay) than adult PBMC, where only 0 .01-0.5% of
such cells showed evidence of infectious virus during the course of a number of
experiments. Cord blood monocytes likewise were considerably more susceptible
to measles virus infection than adult monocytes; 2-9% of the cord blood mono-
cytes contained infectious virus. No significant differences were noted for mono-
cytes or lymphocytes from the measles-nonimmune andmeasles-immune donors
in comparing their susceptibility to measles virus infection and replication.

Effect of MitogenicandAllogeneic Stimulation .

	

The effect of different mito-
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As determined by infectious center assay.
$ ND, not done .

TABLE II
Susceptibility ofPBM to Measles Virus Infection

As determined by infectious center assay.
$ ND, not done .
§ 10 experiments.
9 Mean (range).

TABLE III
Measles infection ofCord Blood Mononuclear Cells

gens and allogeneic stimulation on the susceptibility of lymphocytes to replicate
measles virus is summarized in Table IV. PHA-stimulated cultures were in-
fected 68 h before infectious centers assay while PWM-, CON-A-, and allogeneic-
stimulated cells were infected for only 24 h before infectious centers assay . We
have found that there is no appreciable difference in the number of infectious
centers observed between 24 and 68 h after infection ofPHA-stimulated lympho-
cytes (Sullivan, J . L ., and D. W. Barry, unpublished observations) .
The 3 mitogens induced an increased susceptibility to measles virus replica-

tion over that obtained with unstimulated cells . PHA (a potent T-cell stimula-
tor) was associated with the highest percentage of infectious cells (4 .0-16 .0%),
followed by CON-A (also a potent T-cell stimulator) (1.4-2.0%), while the
percentage of cells stimulated by PWM (a T- and B-cell mitogen) which repli-
cated virus was the lowest (0.8-0.9%) . Allogeneic stimulation of lymphocytes
using a mitomycin C-treated human lymphoblastoid B-cell line also was associ-
ated with a marked increase in cells replicating measles virus (4.0-5.0%) over
that observed with nonstimulated cells (0.01-0.5%) .

Subject
PBMC

Cells infected'"

PBMC +PHA PBM

Cord 1 1.0 6 .0 ND*
Cord 2 1.2 4.0 9 .0
Cord 3 1.1 3 .0 6 .0
Cord 4 ND ND 2.0
Cord 5 ND ND 2.0
Adult nonimmune 0.1 8 .0 0.4
Adult immune§ 0.2 (0 .01-0.5)9 8.0(4-16) 0.2 (0 .01-0.5)

No. of days in
culture before

infection

Cells infected
at 24 h*

Supernate titer after infection

24 h 48 h 72 h

% PFUlml ofsupernate fluid
0 0.4 1,000 100 250
7 ND$ 125 630 79

14 0.2 200 100 100
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TABLE IV
Effect of Mitogenic and Allogeneic Stimulation of Lymphocytes

on Susceptibility to Measles Infection

* As determined by infectious centers assay.
T Number of experiments .
§ Mean (range) .

Discussion
Since the observation by vonPirquet in 1906 that delayed cutaneous hypersen-

sitivity (DCH) to tuberculin was lost during measles infection (5), the immuno-
logic and pathologic phenomena associated with infection by this myxovirus
have been the subject of intensive investigation. The temporary loss of DCH to
tuberculin has been repeatedly confirmed both during natural infection and
after immunization with attenuated virus vaccine (18) . Further evidence that
the virus interferes with the normal function of the cell-mediated immune
system may be found in the fact that the clinical course of untreated pulmonary
tuberculosis worsens markedly during measles infection (19), while lipoid ne-
phrosis, which is responsive to both steroids and other immunosuppressants
(20), improves during measles infection (21) . Cell-mediated immunity (CMI) also
has been shown to play an important role in recovery and protection from
infection by measles virus as evidenced by the fact that children with hypogam-
maglobulinemia tend to experience a normal course of infection by this virus
with lifelong protection from reinfection (22) . Those with severe congenital or
iatrogenic deficiences of T-cell function, on the other hand, experience severe
and often fatal infection with this virus (23) . Data derived from the present
study offer additional insight into the immunopathological mechanisms associ-
ated with measles virus infection in man.

It has been hypothesized that the loss of DCH during acute measles infection
may be due to viral infection of immunocompetent cells (24) and measles virus
antigen has been demonstrated in lymphoreticular organs of man and monkey
during acute measles infection (7, 8) . Osunkoya et al ., (25) have induced mea-
sles-specific giant cells in PHA-stimulated cultures of lymphocytes obtained
from children up to several days after the onset of rash . Our demonstration that
stimulated lymphocytes can be infected with and replicate measles virus in vitro
is supporting evidence that this may occur in vivo in the presence ofbackground
physiologic lymphocyte activation which occurs regularly in the thymus and
lymph nodes (26) . We have previously shownthat measles virus-infected lympho-
cytes display an impaired response to in vitro PHA stimulation (6) and Mc-

Stimulator Cells infected*

PHA (10) 8 (4 .0-16.0)§
Allogeneic cells (2) 4.5 (4 .0-5 .0)
CON-A (3) 1.8 (1 .4-2 .0)
PWM (3) 0.8 (0 .8-0 .9)
None (5) 0.2 (0 .01-0.5)
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Farland (27) has demonstrated that measles virus infection suppresses T-helper-
cell function in vivo .
While previous studies have indicated that resting lymphocytes do not sup-

port viral replication (28), we observed low levels of measles virus replication in
unstimulated peripheral blood mononuclear cells infected in vitro. This low
level can be explained by minimal viral replication in monocytes ; in addition, it
was estimated that 0.06% of freshly isolated peripheral blood lymphocytes from
adults are metabolically active as determined by [3Hlthymidine incorporation
(28) . The increased frequency of measles virus replication in unstimulated
mixtures of monocytes and lymphocytes from neonates (1%) as compared to
similar mixtures obtained from adults (0.2%) can best be explained by the
increased susceptibility of neonatal monocytes . Furthermore, a higher percent-
age of neonatal lymphocytes are metabolically active as determined by RNA and
DNA synthesis (29) .

Previous studies also have demonstrated that mitogen- and antigen-stimu-
lated lymphocytes support the replication of many different viruses (28) . Al-
though measles virus has been isolated from leukocytes during acute infection
(30) and shown to replicate in leukocytes cultured in vitro (31) the ability of the
lymphocyte to support measles virus replication has not until now been well
documented . We have shown that metabolic activation of lymphocytes by mito-
gens and allogeneic cells enables them to become infected and replicate measles
virus. The ability to infect stimulated lymphocytes with measles virus is not
affected by the immune status of the lymphocyte donor since lymphocytes from
measles-immune donors supported viral replication in the range of that ob-
served with lymphocytes from healthy neonates and a measles-nonimmune
adult.
The cellular events responsible for the increased susceptibility of stimulated

lymphocytes to viral infection and replication have not been elucidated . DNA
synthesis does not become active in PHA-stimulated lymphocytes until the
second day after stimulation (28) . In the present study, stimulated lymphocytes
were infected 4 h after the addition of PHA when the lymphocytes had actively
begun to synthesize RNA andvarious proteins Z28) . The extent of viral infection
and replication observed suggests that the cellular events which enable measles
virus to infect and replicate in PHA-stimulated lymphocytes precede active
DNA synthesis . An alternate explanation could be that while viral infection
occurs early, as suggested by the absence of infectious virus in cell-free medium
after 24 h at 37°C, measles virus replication does not occur until the second day
when DNA synthesis has become active .
Kano et al ., (32) demonstrated that activation of murine lymphocytes by

mitogens other than PHA or by allogeneic stimulation resulted in an increase in
the number of lymphocytes which replicate vesicular stomatitis virus (VSV).
These authors used selective mitogen activation of murine T and B lymphocytes
to demonstrate that VSV replicates in activated T lymphocytes. In the present
study, human lymphocytes activated not only by PHA, but also by CON-A,
PWM, or by allogeneic lymphocytes, were found to have an increased susceptibil-
ity to measles virus infection and replication. PHA and CON-A have been
shown to primarily stimulate human T lymphocytes, while PWM stimulates
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both human T and B lymphocytes, and the lymphocytes responding to allogeneic
stimulation have been characterized as T lymphocytes (33, 34). The lack of a
good selective mitogen forhumanB lymphocytes prevented us from determining
the susceptibility of activated B lymphocytes to measles virus infection . Prelimi-
nary studies, however, using a rosetting technique to separate T and B lympho-
cytes have shown that human B lymphocytes obtained from tonsils are capable
ofbeing infected by measles virus (Barry D. W., andJ . L. Sullivan, unpublished
observations). These findings are in agreement with our data to be shown in a
later paper that both human T- and B-lymphoblastoid-cell lines are capable of
supporting measles virus replication.
The differences which we observed between cells stimulated by PHA and

those stimulated by CON-A may be explained by the recent demonstration that
PHA enhances fusion of cells infected with syncytial-forming viruses (35), while
CON-A inhibits myxovirus release and virus-induced cell fusion (36) . The low
percentages of infection obtained with PWM are probably related to the low
level oflymphocyte stimulation which we obtained with this agent. The number
ofblast cells observed in PWM-stimulated cultures was in the range of 20-30%,
whereas PHA, CON-A, and allogeneic stimulation usually induced greater than
80% blast cells.

Previous studies demonstrated that many viruses can replicate in macro-
phages (37) andcertain viruses, e.g . lactic dehydrogenase virus, replicate almost
exclusively in this cell type (38) . In the present study, monocytes from measles-
immune adults and one measles-nonimmune adult were found to replicate
measles virus at a very low level . Monocytes obtained from neonates, however,
were capable of replicating measles virus in the range observed for mitogen-
stimulated lymphocytes. The increased susceptibility of neonatal murine macro-
phages to infection and replication of herpes simplex virus (HSV) type 1 was
demonstrated by Johnson (39), and such increased replication was related to
HSV dissemination to the central nervous system in suckling mice (39) . Hirsch
et al . (40), have shown that the transfer of adult macrophages provides signifi-
cant protection to suckling mice from HSV type I inoculated by intraperitoneal
injection . It therefore has been suggested that the severe herpes virus infections
which occur in human neonates may in part be due to impaired macrophage
function (41) . If the increased susceptibility of monocytes to measles virus
infection observed in neonates persists through infancy the findings in the
present study suggest that measles virus infection of children during infancy
may result in increased viral replication in immature macrophages resulting in
increased dissemination of the virus, particularly to the lungs and central
nervous system . These findings may relate in part, to the increased severity of
measles virus infections seen in children less than 1 yr of age (2, 42) and may
also explain the high incidence of measles infection during the first 3 yr of life
seen in patients who subsequently develop subacute sclerosing panencephalitis
(SSPE) (43) .
The demonstration that measles virus can infect and replicate in metaboli-

cally active lymphocytes resulting in inhibition of in vitro and in vivo immune
responses may explain the depression of CMI associated with clinically acute
measles virus infection in humans. More important, however, is the possible
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long-term effects of such virus-lymphocyte interactions . Infection of lympho-
cytes in vivo by measles virus may allow for continued latent viral infection in
the host with periodic activation providing antigenic stimulation for long-term
immunity . In some instances, this activation may result in subacute or chronic
infection as in SSPE or possibly multiple sclerosis (44) .

Summary
A study of the susceptibility of human peripheral blood mononuclear cells to

measles virus infection and replication is reported . Resting lymphocytes ob-
tained from adults showed very low levels of infection and virus replication
while lymphocytes activated by plant mitogens or allogeneic lymphocytes sup-
ported viral replication and underwent extensive giant cell formation . Unstimu-
lated mononuclear cells obtained from the umbilical cord of healthy neonates
were more susceptible to measles virus infection than those of adults ; however,
activated cord lymphocytes supported viral replication in the range observed
with adult activated lymphocytes. Monocytes obtained from adults were rela-
tively resistant to measles virus infection and replication while neonatal cord
blood monocytes supported viral replication to the degree observed with acti-
vated lymphocytes . It is hypothesized that infection of activated lymphocytes
may explain the depression of cell-mediated immunity seen during acute mea-
sles virus infection . The significance of the finding that neonatal monocytes are
more susceptible to viral infection and replication than adult monocytes is
discussed .

We would like to acknowledge Dr . 1 . Royston for providing the allogeneic-stimulated cells and the
secretarial assistance of Ms . B . Hagerty, Mrs . V . Sheaffer, and Mrs . D . Smith .

Received for publication 20 May 1975 .

MONONUCLEAR CELLS AND MEASLES VIRUS

References
1 . Robbins, F . C . 1962 . Measles : clinical features . Pathogenesis, pathology and complica-

tions . Am. J . Dis . Child . 103 :96 .
2 . Panum, P . L . 1940 . Observations made during the epidemic of measles on the Faroe

Islands in the year 1846 . Delta Omega Society, New York .
3 . Mitus, A . 1965 . Measles in children with malignancy : problems and prevention .

Arch . Gesamte . Virusforsch . 16:331 .
4 . Black, F . L ., and L . Rosen . 1962 . Patterns of measles antibodies in residents of Tahiti

and their stability in the absence of re-exposure . J. Immunol . 88:725 .
5 . Von Pirquet, C . 1908 . Das verhalten der kutanin tuberkulin-reaktion wahrend der

masern . Dtsch . Med . Wochenschr . 34:1247 .
6 . Sullivan, J . L ., D . W . Barry, P . Albrecht, and S . J . Lucas . 1975 . Inhibition of

lymphocyte stimulation by measles virus . J . Immunol . 114:1458 .
7 . Yamanouchi, K., F . Chino, F . Kobune, H. Krdama, and T . Tsuruhara . 1973 . Growth

of measles virus in the lymphoid tissues of monkeys . J. Infect . Dis . 128:795 .
8 . White, R . G., and J . F . Boyd . 1973 . The effect of measles on the thymus and other

lymphoid tissues . Clin . Exp . Immunol . 13:343 .
9 . Osunkoya, B . O ., A . R . Cooke, O . Ayeni, and T . A . Adejumo . 1974 . Studie s on

leukocyte cultures in measles . I . Lymphocyte transformation and giant cell forma-



J . L . SULLIVAN, D . W . BARRY, S . J . LUCAS, AND P . ALBRECHT

	

783

tion in leukocyte cultures from clinical cases of measles . Arch . Gesamte . Virus-
forsch . 44:313 .

10 . Schumacher, H . P ., P . Albrecht, and N. M . Tauraso . 1972 . Markers for measles virus .
II . Tissue culture properties . Arch . Gesamte . Virusforsch . 36 :296 .

11 . Boyum, A . 1968 . Isolation of mononuclear cells and granulocytes from human blood .
Scand . J . Clin . Lab . Invest . Suppl . 21(97) :77 .

12 . Koller, C . A ., G . W . King, P . E . Hurtubise, A . L . Sagone, and A. F . Lo Buglio . 1973 .
Characterization ofglass adherent human mononuclear cells . J . Immunol . 111:1610 .

13 . Royston, I ., P . R . Graze, and R . B . Pitts . 1974 . Failure of cultured human T-cell
lymphoid lines to stimulate in mixed leukocyte culture . J . Natl . Cancer Inst . 53 :361 .

14 . Broderson, M. P., and C . P . Burns . 1973 . The separation of human monocytes from
blood including biochemical observations . Proc . Soc . Exp . Biol . Med . 144 :941 .

15 . Rosenbaum, M. J ., E . J . Sullivan, I . A. Phillips, and L . F . Miller . 1963 . A simplified
method for virus-tissue culture procedures in microtitration plates . Proc . Soc . Exp .
Biol . Med . 113 :224 .

16 . Karber, G . 1931 . Beitrag zur kollektiven behandlung pharmakologischer Reihenver-
suche . Arch . Exp . Pathol . Pharmakol . 162:480 .

17 . Jimenez, L., B . R . Bloom, M. R. Blume, and H. F . Oettg3n . 1971 . On the number and
nature of antigen-sensitive lymphocytes in the blood of delayed-hypersensitive hu-
man donors . J . Exp . Med . 133 :740 .

18 . Starr, S ., and S . Berkovitch . 1964 . Effect of measles, gamma-globulin-modified
measles and vaccine measles on the tuberculin test . N. Engl . J . Med . 270:386 .

19 . Kohn, J . L ., and H. Koiransky . 1932 . Relation of measles and tuberculosis in young
children . Am . J . Dis . Child . 44:1187 .

20 . Ooi, B . S ., B . M . T . Chen, K. K . Tan, and O . T . Khoo .
lipoid nephrotis . Arch. Intern . Med. 130:883 .

21 . Blumberg, R. W., and H. A . Cassady . 1947 . Effect
syndrome . Am . J . Dis . Child . 73:151 .

22 . Good, R. A., and S . J . Zak . 1956 . Disturbance s
"experiments of nature" . Pediatrics . 18 :109 .

23 . Nahmias, A. J ., D . Griffith, and C . Salisbury . 1967 . Thymic aplasia with lympho-
penia, plasma cells, and normal immunoglobulin : relation to measles virus infection .
JAMA (J . Am . Med. Assoc.) . 201 :729 .

24 . Finkel, A., and P . B. Dent . 1973 . Virus leukocyte interactions : relationship to host
resistance in virus infections in man. In Pathobiology Annual 1973 . H . Joachim,
editor. Appleton-Century-Crofts, New York . 47 .

25 . Osunkoya, B . O ., G . I . Adeleye, T . A . Adejumo, and L. S . Salimonu . 1974 . Studies on
leukocyte cultures in measles. 11 . Detection of measles virus antigen in human
leukocytes by immunofluorescence . Arch . Gesamte . Virusforsch . 44:323 .

26 . Nossal, G . J . V., and G . L . Ada. 1971 . Antigens, Lymphoid Cells and the Immune
Response . Academic Press, Inc ., New York . pp . 64 and 72 .

27 . McFarland, H. F . 1974 . The effect of measles virus infection on T and B lymphocytes
in the mouse . 1 . Suppression of helper cell activity . J . Immunol . 113:1974 .

28 . Wheelock, E . F ., and S . T . Toy . 1973 . Participation of lymphocytes in viral infections .
Adv . Immunol . 16:123 .

29 . Winter, G . C ., A . B . Byles, and J . M . Yoffey . 1965 . Blood lymphocytes in newborn
and adult . Lancet . 2 :932 .

30 . Gresser, I ., and C . Chany . 1963 . Isolation ofmeasles virus from the washed leucocytic
fraction of blood . Proc . Soc . Exp. Biol . Med . 113:695 .

31 . Berg, R . B ., and M. S . Rosenthal . 1961 . Propagation of measles virus in suspensions
of human and monkey leucocytes . Proc . Soc . Exp . Biol . Med . 106:581 .

1972 . Longitudinal studies of

of measles on the nephrotic

in gamma globulin synthesis as



784

	

MONONUCLEAR CELLS AND MEASLES VIRUS

32 . Kano, S., B . R . Bloom, and M. L. Howe . 1973 . Enumeration of activated thymus
derived lymphocytes by the virus plaque assay . Proc . Natl . Acad . Sci . U . S . A .
70 :2299 .

33 . Lohrmann, H., L . Novikovs, and R . G . Graw, Jr. 1974 . Cellular interactions in the
proliferative response of human T and B lymphocytes to phytomitogens and alloge-
neic lymphocytes . J . Exp . Med . 139:1553 .

34 . Chess, L., R . P . MacDermott, and S . F . Schlossman . 1974. Immunologic functions of
isolated human lymphocyte subpopulations . I . Quantitative isolation ofhuman T and
B cells and response to mitogens . J . Immunol . 113:1113 .

35 . Reeve, P., G . Hewlett, H. Watkins, D . J . Alexander, and G. Poste . 1974 . Virus
induced cell fusion enhanced by phytohemagglutinin . Nature (Lond.) . 249:355 .

36 . Poste, G., D . J . Alexander, P . Reeve, and H . Hewlett. 1974 . Modification of Newcas-
tle disease virus release and cytopathogenicity in cells treated with plant lectins . J .
Gen . Virol . 23:255 .

37 . Allison, A . C . 1974 . On the role of mononuclear phagocytes in immunity against
viruses . Prog . Med . Virol . 18:15 .

38 . Burns, W . H., and A. C . Allison . 1975 . Virus infections and the immune response
they elicit . In The Antigens, Vol . III . M . Sela, editor . Academic Press, Inc . New
York . 479 .

39 . Johnson, R . T . 1964 . The pathogenesis of herpes virus encephalitis . II . A cellular
basis for the development of resistance with age. J . Exp . Med. 120:359 .

40 . Hirsch, M. S ., B . Zisman, and A. C . Allison . 1970 . Macrophages and age-dependent
resistance to herpes simplex in mice . J . Immunol . 104:1160 .

41 . Gotoff, S. P . 1974 . Neonatal immunity. J . Pediatr . 85:1974 .
42 . Miller, D . L . 1964 . Frequency of complications of measles, 1963 . Br . Med . J . 2 :75 .
43 . Brady, J . A., and R . Detels . 1970 . Subacute sclerosing panencephalitis : a zoonosis

following aberrant measles . Lancet . 2:500 .
44 . Norrby, E ., and B . Vandick . 1974 . Measles and multiple sclerosis . Proc . R . Soc . Med .

67:1129 .


