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Abstract

 

The study of cytotoxic T cell responses to measles antigens
during infection and after vaccination may provide insight
into the immunopathology of the infection. It will also pro-
vide a knowledge of the immunity conferred by wild or at-
tenuated virus, which will help in the design of new vac-
cines. Direct cytotoxic T cell responses, which did not
require in vitro restimulation, were measured from periph-
eral blood by a standard 

 

51

 

Cr-release assay in 35 patients
with acute measles, using HLA class I matched allogeneic B
cells as targets. 77% showed specific responses to measles
fusion protein, 69% to the hemagglutinin, and 50% to the
nucleoprotein. These responses, which were related to se-
verity of disease and history of previous vaccination, had
waned by 14–24 wk after measles when memory responses
to the same antigens could be elicited by restimulation in
71% of the 13 patients tested. A similar pattern followed
vaccination: direct cytotoxic responses to fusion and hemag-
glutinin proteins were shown in 70% of the 20 children
tested while 50% responded to the nucleoprotein. These re-

 

sponses, which were mediated by both CD8

 

1

 

 and CD4

 

1

 

cells, faded over 6 wk when memory responses could be re-
stimulated. Thus, a vigorous cytotoxic T lymphocyte re-
sponse to fusion, hemagglutinin, and nucleoproteins is im-
portant in both natural and vaccine-induced immunity to
measles. (

 

J. Clin. Invest. 
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Introduction

 

Measles continues to be a major public health problem in de-
veloping countries despite high global vaccine coverage by the
Expanded Program on Immunization (1). The limitations of
the live vaccine coupled with inadequate coverage in develop-
ing countries allow about a million children to die of measles
every year (2, 3), thus making measles responsible for more
deaths than any of the other targeted diseases in the Expanded
Program on Immunization. The reconstituted live attenuated
vaccine is not fully heat stable and induces low seroconversion

rates in the presence of maternal antibodies (4). In practice, as
the level and decay of maternal antibodies are variable and un-
predictable, it has been difficult to determine an optimal age of
vaccination in infancy which balances protection against the
likelihood of vaccine failure. Thus, to achieve global eradica-
tion of measles there is a need to develop alternative vaccines
that can be given to young infants which are not only unaf-
fected by maternal antibody, but are capable of inducing long-
lasting and appropriate antibody and cytotoxic T lymphocyte
(CTL)

 

1

 

 responses.
Measles induces both humoral and cell-mediated immune

responses and the importance of the cellular immune response
in the control and elimination of infection has long been recog-
nized from early studies of immunodeficient children. Agamma-
globulinemic patients who produced no detectable virus-specific
antibodies showed normal clinical symptoms and developed
resistance to reinfection after contracting measles, whereas
children with functional T cell deficiencies often suffered fatal
giant cell pneumonia (5, 6). Some progress has then been
made in documenting the biological significance and cellular
characteristics of cell-mediated immune responses to measles
in developed countries (7–10). However, this has not been
matched by a detailed understanding of the CTL responses to
specific components of the measles virus. Furthermore, there
is a dearth of information on CTL responses after natural mea-
sles or vaccination in developing regions such as West Africa
where measles is highly endemic and children are infected or
vaccinated at a much earlier age than in the Western World.
Mortality rates are high, especially in the young (11) and vac-
cine failure, associated with milder disease, is common (12).

The approach to the evaluation of the role of structural
proteins in the induction of protective immunity in measles has
obvious implications for the rational design of new generations
of vaccine and is being actively pursued in murine models (13–
18). Although information is beginning to emerge from studies
in humans (19–21), an extension of the research on immune re-
sponses to measles gene products during the disease in geneti-
cally different human populations in endemic areas will pro-
vide information for the development of new vaccines and for
understanding the pathogenesis of the infection and the basis
of vaccine failure.

Recently, we described a new method of stimulating CTL
responses to measles antigens in immune adults of both Cau-
casian and African origin (22). In a continuation of these stud-
ies, we present details of CTL responses to different measles
proteins during and after measles during two outbreaks in The
Gambia in the dry seasons of 1995/96 and 1996/97. CTL re-
sponses were also determined in healthy children who were
vaccinated with live measles at 9 mo of age. Fresh or direct re-
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sponses directed to fusion (F) and hemagglutinin (H) proteins
of measles were found during acute infection in many of the
patients and after vaccination. Measles-specific CTL could be
restimulated 14 wk after infection and after vaccination.

 

Methods

 

Patients.

 

Two successive outbreaks of measles occurred in the
greater Banjul area of The Gambia during the dry seasons of 1995/96
and 1996/97. 835 cases of measles were seen at the Medical Research
Council (MRC) outpatient clinic and some of these patients aged 5
mo to 25 yr were recruited in the study. The clinical diagnosis and cat-
egorization of cases into mild, moderate, and severe were in accor-
dance with prescribed criteria (23) and the history of vaccination was
obtained from clinic record cards. PBMC were isolated by density
gradient centrifugation and portions of the cells were used for HLA
class I typing by standard serological microcytotoxicity methods (24).
The remainder was used for CTL assays. In the direct CTL assays,
which use fresh cells, constraints with regard to time and cell numbers
did not allow us to type class II alleles which required time-consum-
ing molecular methods (25).

 

Vaccinated infants.

 

Newly born babies were recruited at a local
maternity center close to the MRC hospital. Cord blood was obtained
at birth, PBMC were separated, and autologous B cells were gener-
ated after EBV transformation (26). 9 mo later, the infants were vac-
cinated against measles at a government health center and bled 2–12
wk after vaccination to measure CTL activity. Three of them were re-
bled 24–31 wk after vaccination for a repeat assay. Batches of vac-
cines from the center were checked for potency and all were found to
be satisfactory. Informed consent was obtained from all subjects,
their parents, or guardians. The Gambia Government/MRC ethical
committee granted ethical approval for both studies.

 

Reagents.

 

RPMI 1640 and DMEM were obtained from Sigma
Chemical Co. (St. Louis, MO). FBS and tryptose phosphate broth
were supplied by GIBCO BRL (Life Technologies, Paisley, UK). The
IL-2 (lymphocult-T) was purchased from Biotest (Dreieich, Germany).
The 24-well culture plates were from Costar Corp. (Cambridge, MA).
The sodium [

 

51

 

Cr] chromate was obtained from Amersham (Bucking-
hamshire, UK) and the immunomagnetic beads (M-450 Dynabeads)
were the product of DYNAL (Oslo, Norway).

 

Measles virus and vaccinia recombinants.

 

Measles virus low pas-
sage Edmonston strain was used in our stimulation protocol; the
source and propagation of this virus have been described previously
(22). In brief, the virus was cultured and titrated on Vero cells in
RPMI 1640 medium supplemented with 10% (vol/vol) FCS, 2 mM

 

L

 

-glutamine, penicillin (100 U/ml), streptomycin (100 

 

m

 

g/ml) (referred
to as R-10 medium), and kept in aliquots at 

 

2

 

70
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C. Dr. Fabian Wild
(Institute Pasteur De Lyon) kindly provided the vaccinia virus con-
structs expressing F protein, H protein, and nucleoprotein (N). These
viruses were propagated on baby hamster kidney cells in DMEM sup-
plemented with 10% FCS, 10% tryptose phosphate broth, 2 mM

 

L

 

-glutamine, penicillin (100 U/ml), streptomycin (100 

 

m

 

g/ml), and ti-
trated on Vero cells as for the measles virus. Expression of the recom-
binants was confirmed by indirect immunofluorescence assay after in-
fection of B cells and Vero cells using measles protein–specific
monoclonal antibodies (courtesy of Dr. Wild, WHO Reference Cen-
ter, Lyon, France). Vaccinia constructs, vSC8 expressing 

 

b

 

-galactosi-
dase, and NP27 expressing influenza N proteins obtained from the
Molecular Immunology Group (Institute of Molecular Medicine, Ox-
ford, UK) were used as control recombinants.

 

Preparation of PBMC as fresh effectors and stimulation of CTL.

 

PBMC isolated from patients with measles were prepared for direct
assay by adding 10% IL-2 to R-10 and culturing these cells in a 24-
well plate at 2 

 

3

 

 10

 

6

 

/well at 37

 

8

 

C in a 5% CO

 

2

 

 humidified incubator
for 2 d. Meanwhile, after HLA serotyping, allogeneic B cell lines that
were partially matched at one or more class I loci were selected as
targets from our library of cell lines. Either of two B cell lines (T7526:

 

A2*07, B46, C11, DR9, DQ3 or BM16: A2*07, B18, C7, DR12, DQ3,
DP2) which contain HLA class I and class II haplotypes rarely seen in
The Gambia was used for complete mismatching experiments. To
stimulate CTL from PBMC of patients at follow-up and of vaccinated
donors we used the strategy of inducing CTL in vitro with Edmon-
ston measles virus as described in the study in immune adults (22). In
brief, 10% of the PBMC were infected with the measles virus at an
moi of 1 for 16 h at 37

 

8

 

C. The cells were washed and exposed to ultra-
violet light for 2.5 min, washed once more, and returned to the PBMC
in culture. The stimulated PBMC were grown in R-10 in 24-well
plates for 10–12 d with the addition of IL-2 at day 7 before a standard
cytotoxicity assay was performed using the same targets as in the di-
rect CTL assay.

 

CTL assay and cell separation by immunomagnetic beads.

 

Cytolytic
activity was measured in a standard 

 

51

 

Cr-release assay at an E/T ratio
of 20 viable effector cells:1 viable target cell as described previously
(22). The target cells were prepared by infecting autologous EBV-
transformed B cells or allogeneic HLA matched or mismatched cells
with vaccinia recombinants expressing measles proteins or 

 

b

 

-galac-
tosidase at an moi of 5 for 16 h at 37

 

8

 

C before conducting a standard
4-h 

 

51

 

Cr-release assay. Percentage lysis to control vaccinia was sub-
tracted from that to the measles antigen to give a value for measles-
specific lysis. If this was 

 

$

 

 10% it was regarded as significant. Immu-
nomagnetic bead selection was carried out with M-450 Dynabeads
and these cells were then used in the 

 

51

 

Cr-release assay. The Dyna-
beads reliably depleted 80–90% of CD4

 

1

 

 or CD8

 

1

 

 cells, respectively
(22).

 

Results

 

Fresh or unstimulated CTL in the acute phase of
measles infection

 

With the use of allogeneic EBV-transformed B cells matched
at one or two class I loci in a direct CTL assay, 77% of acutely
infected patients showed a specific CTL response directed to
the F protein and 69% of them to the H protein with mean
maximal lysis (

 

6

 

SD) of 16.7

 

6

 

6.1% and 20.0

 

6

 

11.1%, respec-
tively, at an E/T ratio of 20:1 (Table I). CTL response to the N
protein was shown in 50% of patients with mean lysis of
15.6

 

6

 

6.0%.
CTL lysis to the F protein was weakly but significantly cor-

related with age and the time elapsed between sampling and
the onset of the rash (

 

r

 

 

 

5 

 

0.34,

 

 n 

 

5 

 

35,

 

 P 

 

, 

 

0.05; 

 

r

 

 

 

5 

 

0.42,

 

 n 

 

5

 

35,

 

 P 

 

, 

 

0.01, respectively). Correlations between CTL to H
and N proteins were not significant. The 11 failed vaccinees
showed direct CTL to one or more measles polypeptides at a
similar frequency and with a mean specific lysis that did not
differ significantly from those who had not been vaccinated
(Table I). There was a correlation between severity of disease
and CTL responses: 3 of 6 patients with severe measles failed
to show any significant cytolysis to the F, H, and N proteins as
compared with 1 out of 26 with moderate or mild disease (

 

P

 

 

 

5

 

0.015, two-tailed Fisher’s exact test). The mean cytolytic values
were 6.5

 

6

 

5.7, 6.5

 

6

 

5.9, and 3.3

 

6

 

3.7% for the F, H, and N pro-
teins, respectively; the corresponding values for patients with
mild or moderate measles were 15.1

 

6

 

7.9, 16.7

 

6

 

12.9, and
11.5

 

6

 

7.2%, respectively (

 

P

 

 

 

, 

 

0.02 for F and N and

 

 P 

 

5 

 

0.069
for H, 

 

t

 

 test).

 

HLA class I restriction of direct CTL

 

Table I shows that 56% of the subjects recognized two or three
of the polypeptide antigens at the same time when class I
matched targets were used; 5 out of these 19 patients (M37,
M78, M80, M91, and M74) were matched at the B53 allele.
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The other commonly matched class I alleles that appeared to
restrict killing were A1 (M43, M56, and M193), A2 (M55,
M175, M176, and M156), B12 (M37, M66, M67, and M176),
and A28 (M48, M94, M192, M311, and M355) which also
showed killing against N protein in three patients (M36, M39,
and M42). A repeat assay of M192 using a different target
matched against A28 increased lysis in all three proteins to 18,
27, and 18% for the F, H, and N proteins, respectively, suggest-
ing a role for multiple epitope restriction by the A28 allele.
However, as we were not able to determine the HLA class II
identity of our patients, these results must be interpreted with
caution for lysis may have also been due to fortuitous match-
ing at class II loci.

In seven patients (M46, M55, M66, M67, M80, M91, and
M94), class I matched and a class I and class II mismatched tar-

get (T7526 or Bm16) were used. The average lysis against the
F and H proteins with matched targets was 19 and 20%, re-
spectively, whereas against mismatched cells it fell to 3 and
2%, respectively (data not shown), thus confirming that the cy-
totoxic responses were HLA restricted. There were sufficient
cells from eight patients to test CTL at ratios of 20:1 and 10:1.
Mean lysis for the F protein at the higher ratio was 16.3

 

6

 

3.2%
and at the lower ratio 11.0

 

6

 

1.1%. The respective values for
the H protein were 25.2

 

6

 

6.3 and 16.6

 

6

 

2.3%.

 

Direct CTL is mediated by CD8

 

1

 

 and CD4

 

1

 

 cells

 

Cell separation experiments demonstrated that both CD8

 

1

 

and CD4

 

1

 

–depleted cells from patient M311 showed measles-
specific killing of a target of known class I match (A28) (Fig. 1

 

A

 

). Subsequent retyping of preserved cells from this patient

 

Table I. Direct CTL-mediated Cytotoxicity in Patients with Measles

 

Patient Age HLA type Vaccination
Severity of

measles/rash*
HLA match

of target % specific lysis (E/T ratio 20:1)

 

F H N
M192 5 mo A1, 28; B7, 17 No Moderate/2 A1; B17 12 0 7
M36 6 mo A28, 19; B22, 41 No Mild/3 A28 0 3 17
M80 7 mo A10; B7, 53 No Moderate/3 A10; B53 24 20 27
M53 8 mo A10, 9(23); B8 No Mild/2 A9; B8 10 20 12
M355 8 mo A28, 9(24); B27, 15 No Moderate/1 A28, A9 14 21 11
M42 8 mo A28, 19; B5(51), 35 No Moderate/2 A28, A19 1 25 10
M43 8 mo A1, 9(23); B16(39) No Moderate/3 A1 16 34 10
M40 8 mo A19; B5(51), 35 No Severe/7 A19; B35 12 12 7
M41 9 mo A28; B15(62) No Severe/1 A28 3 0 1
M49 10 mo A19; B35, 22 Yes Moderate/5 A30; B35 11 5 8
M66 11 mo A10; B7, B12 No Moderate/3 B7, B12 11 10 9
M37 1 yr A9, 28; B12(44), 53 Yes Moderate/1 B12, B53 12 18 11
M67 2 yr A28, 10; B49, 16(39) No Severe/1 A28; B12 8 14 9
M39 2 yr A2, 28; B5, 35 No Moderate/4 A28 8 25 14
M33 3 yr A10(25), 23; B16(39) Yes Severe/4 A10 14 7 1
M46 3 yr A9(23), 32; B5, 35 No Moderate/3 A19(32) 23 14 NT
M218 3 yr A10; B8, 16(39) Yes Moderate/7 B8 17 6 6
M48 4 yr A19(30), 28; B22, 41 Yes Moderate/2 A28 10 20 NT
M51 5 yr A19(30); B14, 35 Yes Severe/3 A30; B35 11 19 NT
M55 5 yr A2, 26; B7, 35 ? Moderate/1 A2, A26 20 7 4
M97 5 yr A10; B17 ? Moderate/3 B17 14 9 6
M82 6 yr A3, 2; B8, 12 ? Severe/3 A3; B8 0 6 1
M359 7 yr A3, 10; B17, 35 No Mild/1 A3; B17 12 13 17
M193 7 yr A1, 10; B5, 50 No Mild/7 A1 30 25 2
M35 9 yr A2, 3; B17, 12 No Moderate/3 A3; B17 10 27 5
M56 9 yr A1, 10; B14, 21(50) Yes Moderate/2 A1; B14 23 21 16
M175 9 yr A2, 10; B17, 5 Yes Moderate/7 A2, A10 14 16 12
M195 10 yr A1, 10; B5, 21 ? Moderate/7 A1 3 3 2
M81 10 yr A23, 3; B70 ? Severe/2 A3 2 0 1
M78 18 yr A2, 10; B8, 53 ? Moderate/5 A10; B53 28 16 31
M156 20 yr A2, 30; B35, 50 Yes Moderate/7 A2; B35 18 10 2
M91 22 yr A28, 10; B41, 53 ? Moderate/4 A10; B53 18 64 19
M94 25 yr A28; B53 ? Moderate/5 A28; B53 26 13 16
M176 25 yr A2; B12, 14 Yes Mild/7 A2; B12 26 12 10
M311 28 yr A28, A3 No Moderate/1 A28 14 12 16
Proportion 

 

$

 

 10% specific lysis 27/35 24/35 16/32
Mean

 

‡

 

16.8 20.3 15.5
(SD) (6.2) (11.3) (6.2)

*Days after onset of rash in relation to time of sampling. 

 

‡

 

Patients with specific lysis 

 

$

 

 10%. 

 

NT

 

, not tested.
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and of the target cells by a molecular based method (25) also
revealed matching at class II DQB5 allele. CD4

 

1

 

-depleted
cells from another donor (M359) mediated specific killing of
A3 and B17 matched targets (Fig. 1 

 

B

 

). In addition, CD8

 

1

 

 cells
from this donor when detached from the beads and used at ra-
tio 12:1 gave high CTL values whereas detached CD4

 

1

 

 cells
showed little killing (Fig. 1 

 

C

 

). However, cells were unavail-

able from this patient for class II typing. In another experi-
ment detached CD8

 

1

 

 cells from a different donor (M355) gave
similar results (data not shown). Thus, our results suggest
that both CD4

 

1

 

 and CD8

 

1

 

 cells can be involved in direct cyto-
toxicity but, due to difficulties in HLA class II matching, the
relative roles of the two phenotypes in killing were not clearly
defined.

Figure 1. Phenotypic analysis of direct 
CTL in acute measles. PBMC from pa-
tients M311: HLA A3, A28 (A) and M359: 
HLA A3, 10; B17, 35 (B) were subjected to 
two rounds of depletion with immunomag-
netic beads. Depleted subpopulations as 
well as whole cells were tested against allo-
geneic B cells matched at the A28 allele 
and at A3, B17 alleles, respectively, in a di-
rect CTL assay at an E/T ratio of 20:1. Af-
ter depletion, cells from M359 were de-
tached from beads and tested against 
targets at an E/T ratio of 12:1 for CD81 
cells and 20:1 for CD41 cells, respectively 
(C). The HLA class II match of the target 
for M311 was at DQB5 but was unknown 
for M359.

 

Table II. Direct and Stimulated CTL Responses in Patients after Recovery from Measles

 

Patients
Time after

measles

Direct CTL
response

in acute phase*
HLA match

of target

 

‡

 

% specific lysis (E/T ratio 20:1)

Direct Stimulated

 

wk

 

F H N F H N
M82 9

 

2

 

A3;B8 13 15 17 42 22 23
M67 10

 

2

 

A28;B12 0 0 0 3 2 3
M56 12

 

1

 

A1;B14 11 10 9 17 34 29
M51 14

 

1

 

A30;B35 10 0 1 48 17 0
M80 14

 

1

 

A10;B53 5 20 21 NT NT NT
M41 16

 

2

 

A28 7 2 2 0 0 0
M43 16

 

1

 

A1 3 0 8 17 20 10
M36 16

 

1

 

A28 0 2 1 2 0 3
M53 17

 

1

 

A9;B8 3 4 4 21 18 38
M78 17

 

1

 

A10;B53 2 3 2 24 17 24
M37 18

 

1

 

B12,B53 10 4 0 51 50 24
M42 20

 

1

 

A28,A19 9 4 13 6 31 12
M35 24

 

1

 

A3;B17 4 11 7 18 27 2
M39 24

 

1

 

A28 7 3 5 10 29 11
Proportion 

 

$

 

 10% specific lysis 4/14 4/14 3/14 9/13 10/13 8/13
Mean

 

§

 

27.5 26.5 21.3
(SD) (15.2) (10.2) (9.8)

*See Table I for data. 

 

‡

 

The same allogeneic matched cell lines used as in Table I. 

 

§

 

Patients with specific lysis 

 

$

 

 10%. 

 

NT

 

, not tested.
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Stimulated CTL during measles and after recovery

 

We tried to stimulate CTL in the acute phase of infection in 10
patients but were unsuccessful since the stimulation procedure
activated preinfected cells to release virus which in turn in-
fected the effector cells, resulting in a progressive increase in
giant cells which are a marker of measles infection. However,
in the recovery period, we were able to test 14 patients be-
tween 9 and 24 wk after measles both by direct assay and after
stimulation. Table II shows that direct CTL responses could
only be found during this period in three individuals; however,
the majority of CTL responses were observed after in vitro re-
stimulation. An unexpected observation was the strong re-
sponse in both direct and stimulated assays of M82 who had no
CTL in the acute phase. We failed to stimulate the response to
N in M36 who responded to this protein in the acute phase.

 

Measles-specific CTL responses after vaccination of
healthy infants

Direct killing.

 

Direct measles-specific CTL responses of 22
healthy infants 2–6 wk after measles vaccination are shown in
Table III. Autologous B cells derived from cord blood at birth
were used as antigen-presenting cells. 70% of those tested in
the direct assay responded to the F and H antigens, respec-
tively, and 50% responded to the N antigens with maximal
mean lysis (

 

6

 

SD) of 22

 

6

 

9, 15

 

6

 

7, and 13

 

6

 

3%, respectively, at
an E/T ratio of 20:1. As a control for specificity, we also tested

five of the subjects using additional targets infected with vac-
cinia expressing influenza N protein. None of the vaccinated
infants, who were most unlikely to have been exposed to influ-
enza, tested positive against this protein (data not shown).

 

Restimulation.

 

Restimulation of CTL was also undertaken
when sufficient PBMC were available from our donors. In gen-
eral, restimulation gave lower cytolysis in the first 3–4 wk than
direct assays; thereafter restimulation was more successful.
Three subjects, in whom marginal responses were observed in
the direct assay (CBL2, CBL3, and CBL39), failed to show re-
sponses after restimulation. The exception was CBL46 who
was tested later at 12 wk and showed no direct response but
some killing after restimulation. Three subjects (CBL121,
CBL134, and CBL146) who had shown direct cytotoxicity 4–6
wk after vaccination were retested at 24, 31, and 31 wk, respec-
tively, at an E/T ratio of 20:1. Now no direct cytotoxicity could
be shown (Fig. 2 

 

A) but restimulation gave marked lysis aver-
aging 20, 17, and 14% for targets expressing the F, H, or N pro-
tein, respectively (Fig. 2 B).

Reproducibility and cells involved in direct cytolysis. The
reproducibility of the direct assay was tested at three E/T ra-
tios using cells from subject CBL154. Cytolysis was reproduc-
ible and fell as the E/T ratio declined (data not shown). Fresh
effector cells obtained 4 wk after vaccination were twice de-
pleted of CD41 and CD81 cells using immunomagnetic beads.
These experiments demonstrated that the CTL responses in

Table III. Direct and Stimulated CTL Responses to Measles Antigens after Immunization of Children at 9 mo of Age

Donor
Period after
vaccination

% specific lysis (E/T ratio 20:1)

Direct Stimulated

wk

F H N F H N
CBL11 2 13 3 6 7 8 3
CBL39 2 10 10 12 0 0 8
CBL55 2 24 11 15 NT
CBL92 2 37 26 11 11 18 10
CBL101 2 4 12 11 7 12 1
CBL20 3 30 20 12 NT
CBL56 3 5 8 6 NT
CBL2 4 9 10 2 9 2 3
CBL3 4 11 11 7 1 3 0
CBL9 4 36 33 16 12 17 10
CBL38 4 0 9 0 NT
CBL134 4 19 10 12 NT
CBL146 4 18 14 8 NT
CBL30 5 NT 11 22 11
CBL32 5 NT 9 12 12
CBL8/2 6 31 18 21 15 19 24
CBL49 6 15 16 12 NT
CBL74 6 19 3 7 0 12 2
CBL6 6 28 10 13 29 13 12
CBL96 6 0 2 2 NT
CBL121 6 14 13 0 NT
CBL46 12 7 5 0 15 14 14
Proportion $ 10% specific lysis 14/20 14/20 10/20 7/13 9/13 7/13
Mean (SD)* 21.7 (9.2) 15.2 (6.9) 13.5 (3.1) 15 (7) 15 (3) 13 (5)

*Infants with specific lysis $ 10%.
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donor CBL30 were mediated by CD81 cells, whereas only in
donor CBL55 could both CD81 and CD41 killing be demon-
strated (Fig. 3).

Discussion

The Gambia, the first developing country to interrupt measles
transmission with a mass campaign (27), continues to encoun-
ter measles outbreaks despite a high coverage of 80% or
greater. We present data during recent outbreaks that show a
high frequency of CTL responses specific to antigens in the F,
H, and N proteins during the acute stage of measles infection
and after recovery. We observed that direct CTL responses
were frequent during the acute phase of measles, suggesting a
high number of circulating CTL effector cells whereas in vitro
stimulation was unsuccessful due to the release of measles vi-
rus which abrogated the responses. The finding that CTL ac-
tivity was of sufficient magnitude to allow detection of mea-
sles-specific cytotoxicity using freshly isolated PBMC not
requiring in vitro stimulation is unusual and noteworthy. Simi-
lar findings, which are also indicative of a high CTL precursor
frequency, have been described in HIV (28, 29), in acute EBV
infection (30, 31), and in patients with HTLV-1 neurological
disease (32). The direct CTL responses which were directed

mainly to the F and H antigens lend credence to the report
from studies in immune adults that these proteins are of im-
portance in protective immunity (22). The presence of direct
CTL from most patients, except three who had severe disease,
gives further support that cell-mediated immunity plays a role
in controlling the virus during infection (7, 9, 10) as has also
been shown in EBV infection (30, 31) and in HIV (28, 29, 33).

CTL recognize endogenously processed peptides in the
context of MHC molecules. After an early controversy about
MHC restriction of CTL to measles (7, 34–36) it is becoming
evident that, although HLA class II–restricted CD41 T cells
are involved, MHC class I restriction of CD81 phenotype plays
a major role in the cellular immunity (9, 22). In this study, we
were unable to perform HLA class II typing due to time limi-
tations. However, CTL were readily demonstrated when cells
were matched at class I loci with allogeneic targets, clearly
showing that class I–restricted CD81 T cells are important in
clearance of the virus. Furthermore, the marked cytolysis by
CD41-depleted cells and by CD81 cells detached from beads
used for this depletion reinforces this concept. However, it is
important to note that the CTL responses may not necessarily
have been effected solely by CD81 class I–restricted cells since
cell depletion experiments in one individual also indicated
some CD41 cell-mediated lysis. Thus, our study was not able

Figure 2. Sequential CTL responses of vaccinees to measles proteins 
at different time points. PBMC from children vaccinated against mea-
sles were tested for direct CTL 4–6 wk after vaccination (A) and 24 
wk (CBL 121) and 31 wk (CBL 146, CBL 134) after immunization 
(B) by direct assay (a) and by stimulation (b). The E/T ratio was 20:1. 
nt, not tested.

Figure 3. Phenotypic analysis of fresh CTL derived from infants 4 wk 
after vaccination. PBMC from donor CBL30 and CBL55 were sub-
jected to two rounds of depletion with immunomagnetic beads and 
then tested against autologous lymphoblastoid cells expressing mea-
sles antigens in a direct CTL assay at an E/T ratio of 20:1.
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to show the full extent of the role which the different cell phe-
notypes and their corresponding MHC restriction play in the
overall CTL responses during infection. Since previous reports
(20, 34–36) including our recent study of immune adults (22)
have shown the involvement of CD41 T cells in measles cellu-
lar cytotoxicity, we must interpret the HLA class I restriction
analysis of CTL in our patients with caution. This is particu-
larly true where a negative or poor CTL response was found
because we used allogeneic targets, which could imply that op-
timal HLA matching was not achieved in these assays. How-
ever, our results did indicate that . 56% of subjects respond to
two or three polypeptides simultaneously when HLA class I
matching is done in the CTL assay and that when targets are
completely mismatched at class I and class II loci no lysis oc-
curs.

Confining the analysis to the observed HLA class I–restricted
CTL, our data provide a useful indication of the common class
I alleles that are involved in CTL to measles in the Gambian
population. We found B53, A2, A28 (A68), A1, and B12 (B44
or B45) to be common HLA alleles which may have restricted
cytolysis in the study population. Because of limitation in cell
numbers, we were unable to perform detailed studies where
matching was done at two loci in order to conclude that allele
restriction was specific and to dissect the major immunodomi-
nant HLA alleles. However, this information allows selection
of common HLA alleles in order to map putative peptide
epitopes based on known anchor residues for these HLA types
(37, 38), which would determine the fine specificity of CTL in
measles. With accurate molecular HLA typing methods (25),
which have been set up recently in our laboratories, we will be
able to map CTL epitopes in the target proteins using se-
quence data obtained from local isolates (39, 40). At the mo-
ment there are only a few MHC class I measles T cell epitopes
that have been identified in humans. These include a nanomer
sequence in the F protein found to stimulate an HLA B27–
restricted CTL clone (20) and recently described HLA 2.1
peptide binding motifs consisting of three epitopes in the N
and one epitope in the H and polymerase protein, respectively
(21). Further analysis of the F and H proteins which are highly
conserved (39, 40) for the presence of class I binding epitopes
could be worthwhile, as these may be important components
when designing new vaccines.

The rash of measles is a sign of a strong and complicated al-
lergic reaction to the virus in epithelial cells involving immune
lymphocytes, antibody, immune complexes, and complement
(41, 42). Underlying immune deficiency as in leukemia (43) or
very severe malnutrition (44) leads to occult and persistent
measles without a rash. It was of interest that subjects with se-
vere disease, all of whom had a marked rash, showed lower
CTL responses than those with mild or moderate disease. For
the above reasons we think these low values are more likely to
be due to sequestration or exhaustion of T cells after a strong
immune reaction (45) rather than a primary failure of this arm
of the immune response. There was a weak correlation be-
tween the level of CTL activity to the F protein and age but
this did not hold for the other proteins, which suggests that in-
adequate CTL responses are not a feature of measles in young
children who often have severe measles with a widespread
rash. The role that the massive CD81 CTL response plays in
the immunosuppression after measles (46) is unclear. The vi-
rus infects dendritic cells in vivo leading to impairment of func-
tion of T cells and apoptosis (47) and has also been shown to

infect T cells in vivo (48). Both these types of cells, when acti-
vated and infected with measles at the time of the rash, are
likely to be killed by CTL with consequent disruption of the
immune response. If infection and damage to T helper type 1
cells predominated, this might lead to loss of cell-mediated im-
munity and skewing towards a T helper type 2 response (46).

It was evident that after measles infection the majority of
individuals established a pool of memory T cells. We were able
to show marked measles protein–specific CTL upon restimula-
tion of cells up to 6 mo in the recovery period. It appears that
in the recovery period the activated CTL effectors wane and
stable memory T cells specific to the antigens in the glycopro-
tein and the N protein develop and are probably crucial for
long-term protection in measles. We have shown that in im-
mune adults these memory cells are both CD81 and CD41

cells that are HLA class I– and class II–restricted, respectively
(22). It is of interest that vaccinated children who contracted
measles raised CTL responses similar to those who had not
been vaccinated. This fits with the observations that although
many cases of measles occur in vaccinees with low antibody
levels (49) the disease is usually mild with a very low mortality
(12). Vaccine failures which are becoming commonplace in
West African countries with high vaccine coverage (12) may
be due to a decline in antibody levels, possibly as a result of
lack of boosting by wild-type virus rather than a failure of CTL
memory. In this context we noted that CTL responses, both di-
rect and stimulated, were similar in vaccinated infants to that
found in children and adults after measles. This suggests nor-
mal CTL responses despite immunization at an early age. Our
results are in agreement with Wu (10) who demonstrated that
the majority of individuals infected with measles despite previ-
ous vaccination had a normal capacity to generate CTL to
measles.

Immunity to measles in healthy infants is induced currently
by live attenuated vaccines. Analysis of CTL responses after
vaccination showed that the attenuated vaccine acts similarly
to the wild-type virus to induce CTL specific to the F, H, and N
proteins. Our study showed, for the first time, that direct CTL
responses could be measured in children after vaccination. As
was found in the acute phase of measles direct CTL was stron-
ger and easier to elicit in the first few weeks after vaccination
than stimulated CTL. Later, direct CTL waned and restimula-
tion proved more successful. Presumably, soon after vaccina-
tion, effector CTL, which are short lived, are in the majority
and memory cells are few. In addition, as vaccine strains infect
both lymphocytes and monocytes (41, 50) stimulation may re-
lease virus, which could infect and immunosuppress effector
cells. Later virus is absent and restimulation successfully ex-
pands clones and oligoclones of memory cells (51).

After vaccination, using autologous B cells as targets, we
discerned both CD81 and CD41 mediated direct killing which
were presumably restricted through both HLA class I and II
antigens, respectively. However, due to restricted cell num-
bers, we were unable to prove this by mismatching experi-
ments. These responses directed mainly to the F and H pro-
teins of the measles virus once more suggested that these
antigens were important in providing immunity to measles.
These findings may be important because they could also be
relevant to the design of other antiviral vaccines such as the
nef deleted strains of HIV which are now being proposed (52).
For measles, this information allows screening and identifica-
tion of putative peptide units using overlapping sequences of
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these proteins, which could form the basis of a nonreplicating
and safe subunit vaccine that will not cause immunosuppres-
sion in infants.
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