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Lymphocyte subset analyses in healthy adults vaccinated with
yellow fever 17DD virus
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In this study the kinetics of humoral and cellular immune responses in fir st-time vaccinees and re-vaccinees with
the yellow fever 17DD vaccine virus was analyzed. Flow cytometric analyses were used to determine percentual
values of T and B cells in parallel to the yellow fever neutralizing antibody production. All lymphocyte subsets
analyzed were augmented around the 30th post vaccination day, both for first-time vaccinees and re-vaccinees.
CD3* T cellsincreased from 30.8% (SE * 4%) to 61.15% (SE + 4.2%), CD4" T cells from 22.4% (SE + 3.6%) to
39.17% (SE + 2%) with 43% of these cells corresponding to CD4* CD45RO" T cells, CD8* T cells from 15.2% (SE
+ 2.9%) to 27% (SE + 3%) with 70% corresponding to CD8*CD45R0O" T cells in first-time vaccinees. In re-
vaccinees, the CD3* T cellsincreased from 50.7% (SE *+ 3%) to 80% (SE * 2.3%), CD4* T cells from 24.9% (SE +
1.4%) to 40% (SE + 3%) presenting a percentage of 95% CD4" CD45RO™ T cells, CD8" T cells from 19.7% (SE +
1.8%) to 25% (SE + 2%). Among CD8"CD38* T cellsthere could be observed an increase from 15 to 41.6% in first-
time vaccinees and 20.7 to 62.6% in re-vaccinees. Regarding neutralizing antibodies, the re-vaccinees presented
high titers even before re-vaccination. The levels of neutralizing antibodies of first-time vaccinees were similar to
those presented by re-vaccinees at day 30 after vaccination, indicating the success of primary vaccination. Our data
provide a basis for further studies on immunological behavior of the YF 17DD vaccine.
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Yellow fever (YF) isavira illnesstransmitted by in-
fected mosguitoes (Aedes and Haemagogus genus) with
yellow fever virus (Y FV), which belongsto the Flavivirus
genus, Flaviviridaefamily (Monath & Heinz 1996). It re-
mains a serious health problem in endemic areas of tropi-
cal and subtropical Africaand South America(Vasconcel os
2003). Sincethe 19th century, studiesabout Y F immuniza-
tion have been accomplished (WHO 2001a). The YF 17D
vaccine virus strain is one of the most effective and safe
vaccines available. Immunization with the 17D vaccine
strain induces along-term neutralizing antibody response
and provides excellent protection against infection with
thevirulent YFV (Wisseman & Sweet 1962). In 1937, the
production of the YF 17DD vaccine virus substrain was
started in Brazil, and has been in continuous use for 60
years(Post et al. 2001). The YFV 17DD vaccineishighly
immunogenic and induces neutralizing antibody persis-
tent at least 10 years and in some individuals up to 30
yearsor more (WHO 2001b).

Although the YF 17D virus strain and the 17DD
substrain are the most successful vaccines developed to
date, recently, rare cases of postvaccinal neurological dis-
ordershave been recorded (Chan et al. 2001, Martinet al.
2001, Vasconceloset a. 2001). Thevirusisolatesfrom two
fatal cases after 17DD vaccination demonstrated genetic
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stability and attenuated phenotype, suggesting that some
peculiarities of health status of the host might have been
responsiblefor such adverse events (Galler et al. 2001).

Despite the large literature on the humoral immune
responsetothe Y F vaccinevirus, few works of the evalu-
ation of cellular immuneresponse, in particular T cell re-
sponses have been published (Reinhardt et al. 1998, Co et
al. 2002, van der Most et a. 2002). The capacity of vac-
cinesto activate the cellular immune system and induce T
cell memory is an important mechanism of protection
against wild-type viral infection. T cells often recognize
more conserved epitopes that do not change due to anti-
body mediated selection pressure (Whitton & Oldstone
1996, Reinahrdt et al. 1998). Co and collaborators (2002)
studying the T cell responsesto YFV 17D in four volun-
teerscould observed proliferation and cytolytic responses
inall subjects. Their resultspresent CD8 T cell responses
directed against at least four different HLA-B35 restricted
YFV epitopes.

In order to monitor theimmunol ogical behavior of first-
timeYF 17DD virus vaccinated and re-vaccinated volun-
teers, T and B lymphocyte subsetswere analyzed by flow
cytometry, which is an efficient tool for definition and
guantification of lymphocytes employing monoclonal
antibodies against cell surface proteins, to determine the
importance of knowing the cellular immune response acti-
vationrelated tothe YF 17DD vaccine.

MATERIALSAND METHODS

\olunteers - Seventeen healthy personswith 18 to 55
years of age were vaccinated with the YF 17DD vaccine
(Lot 007VFA010Z), produced in Bio-Manguinhos,
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Oswaldo Cruz Foundation, Brazil. Eight individuals, des-
ignated first-time vaccinees, had not been vaccinated with
the YF 17DD vaccine, and had had no previousinfection
or contact with the Y F wild-type virus. Nine volunteers,
designated re-vaccinees, had been vaccinated once or
morewiththe YF 17DD vaccine, 10 or moreyearshbefore.
All volunteers gave their written consent after the study
was explained. Each volunteer was injected subcutane-
ously with 0.5 ml of vaccine. Blood was collected before
vaccination (day 0) and 2, 4, 7, 10, 15, 30, and 60 days post
vaccination. The volunteers were advised to report all
clinical symptoms and side effects after vaccination. The
procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (CEP/Fiocruz 145/01).

Separation of peripheral blood mononuclear cells
(PBMC) - PBMC were obtained by Histopague (Sigma-
H8889, St Louis, MS, US) gradient sedimentation, asde-
scribed elsewhere (Nobleet a. 1968, Boyle & Chow 1969).

Flow cytometric analyses - Freshly isolated PBMC
were adjusted to 106 cells/ml and dual-staining labeled
monoclonal antibodies (CD3(1gG1)-FITC/B4-RD1; CD4-
PC5/ CD45R0O-PE; CD8-PC5/CD45R0O-PE; CD8-PE/CD38-
FITC) and 1gG1-FI TC/1gG1-PE isotype antibody (nega-
tive control) (Immunotech - Beckmann Coulter, Marseille,
France) were used. After incubation for 20 min at 4°C, the
mixture was washed twice with PBS-azide (PBS contain-
ing 0.1% sodium azide and 2% fetal bovine serum), and
the cellswerefixed in 1% paraformaldehyde (PFA). Stained
cells were run in an EPICS ALTRA flow cytometer
(Beckmann Coulter, Hialeah, FL, US) equipped with an
argon ion laser. Ten thousand events were acquired and
analyzed using the Expo32 software (Beckman Coulter).
Their forward scatter and side scatter profiles distinguish
lymphocytes and monocytes, an electronic gate was cre-
ated around lymphocytes.

Plaquereduction neutralization test (PRNT) - PRNT
were carried out in 96-well plates as described el sewhere
(Stefano et al. 1999). In brief, dilutions of the seraranging
from 1:4t0 1:512 were mixed with 1:1200 of the 17DD virus
preparation (7.8 1og,, PFU/mI). After 1 h of incubation at
37°C, 100l of Vero cells (1.6 x 106 cellgml) were added. A
3% CMC/199 solution supplemented with 5% FCS was
overlaid after 3 h of incubation. The cultures were main-
tained for 7 daysat 37°C and then the cellswerefixed with
formaldehyde and stained by violet crystal.

Viremia - For determination of viremiawere used the
plaqueassay (PA) (Wheelock & Sibley 1965, Reinhardt et
al. 1998, Marchevsky et a. 2003) and the reverse tran-
scriptase-polymerase chain reaction (RT-PCR) (Reinhardt
et al. 1998) methods, in serum samples before vaccination
and on days 2, 4, and 7 after vaccination. RT-PCR prod-
ucts were obtained in the presence of pairs of flavivirus
type-specific primers (RG65-antisense, RG36-sense) (Galler
et al. 2001), which were kindly provided by Dr Ricardo
Galler (Oswaldo Cruz Ingtitute - Fiocruz). Primer pairswere
deduced from aRNA sequence from the envel ope coding
region of theyellow fever virus. The RT-PCR techniques
were performed using the Geneamp kit (Applied
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BiosystemsRNA PCR CoreKit, Roche, Branchburg, New
Jersey, US) according to the manufacturer’sinstructions.

Satistical analyses - Fisher’s least significant differ-
ence (LSD) procedure was used to evaluate statistically
significant differences between means. With this method,
there is a 5% risk of calling each pair of means signifi-
cantly different when the actual difference equals 0. Dif-
ferences were considered as statistically significant if p
valuewereequal or below 0.05.

RESULTS

The 17DD vaccinewas shown to bevery efficient and
safefor al volunteers, activating their humoral and cellu-
lar immune response, although viremiawas not detected
through of the methods used (RT-PCR and PA). During
the kinetics blood collection in this study, the blood cell
count and biochemical tests, including transaminases, did
not present alterations after vaccination for any of the
volunteers.

None of the first-time vaccinees showed pre-existing
neutralizing antibodies (nAb) against the Y F 17DD virus
substrain (< 256 mUI/ml, limit of antibody detection for
our test). Four days after vaccination, low levels of nAb
were detected in 3 of the 8 first-time vaccinees (mean 698
mUl/ml, SE + 301), however, 15 daysafter vaccination, the
nAb weredetected in al of them. High levelsof nAbwere
reached 30 days after vaccination in this group of volun-
teerswith aslight decrease 30 days|ater, 30,321 mUl/ml
(SE+1300) and 22,756 mUI/ml (SE £ 4126), respectively.

All re-vaccinees had persistent nAb before re-vacci-
nation, with amean titer of 5840 muUl/ml (SE + 2431), de-
spitetheinterval of, at least, 10 years sincethelast vacci-
nation. The high standard error achieved was due to the
high nAb titer of one volunteer, above 14,000 mUl/ml,
beforerevaccination. After re-vaccination, nAb levelsin-
creased to ameantiter of 28,526 mUl/ml (SE + 2691) and
21,598 mUl/ml (SE = 3821) 30 and 60 days|ater, respec-
tively. Only one volunteer showed no changes in nAb
levels.

The induction of nAb was significantly different be-
tween both groups studied among day 0 and day 15 after
vaccination (p<0.05) (Fig. 1).
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Fig. 1. neutralizing antibodies production following yellow fever
17DD vaccination. The [0 and Mrepresent the means and standard
error (+ SE) of neutralizing antibodies in first-time vaccinee (n = 8)
and re-vaccinee (n = 9) volunteers, respectively; p < 0.05.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(3), May 2005

CD3
70

60 *
50
40
30
20

i
I

[ first-time vaccinees
70 CDS8 M re-vaccinees
60
50
40
30

20

Percentage of T cells

701 CD4

60

50

*
40
30
20
10
0
60

0 2 4 7 10 15 30
Days post vaccination

*

Fig. 2: T cell percentages from peripheral blood mononuclear cells
after vaccination in first-time vaccinee (1) and re-vaccinee (M)
volunteers. The bars show the mean of percentages and standard
error (£ SE) of the lymphocyte subsets analyzed; p < 0.05; * indi-
cates statistically different results between first-time vaccinee and
re-vaccinee groups on each day analyzed.

Figs 2, 3, and 4 show the T cell subsets from volun-
teersvaccinated withthe YF 17DD virus. Inall volunteers
anincrease in CD3" T cells was observed. In first-time
vaccinees, the level of circulating CD3* T cells has sig-
nificantly increased, from 30.8% (SE * 4.0%) of the mono-
nuclear cellsbeforevaccinationto 61.15% (SE + 4.2%) on
the 30th day post vaccination (p = 0.0002) and in re-
vaccineesfrom 50.7% (SE + 3.0%) to 66.5% (SE + 2.6%) on
the 7th day for 6 of the 9 volunteers (p = 0.0001) and 80%
(SE + 2.3%) on the 30th day after vaccination in the other
volunteers(n=3) (p=0.0464).

Infirst-timevaccineesasignificant increasein thelev-
elsof circulating CD8* T cells was observed. Theinitial
mean in first-time vaccineesincreased from 15.2% (SE +
2.9) t0 27% (SE + 3.0%) on the 30th day post vaccination
(p = 0.0276), with 70% of the cells being identified as
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memory cells, according to the analysis of the CD8*
CD45RO™ T cell subset. Among re-vaccinees, the initial
concentration of these cellswas 19% (SE + 1.8%) before
vaccination and 22.5% (SE + 2.0%) in 5 volunteers be-
tween the 4th and the 10th day (p = 0.2499) and 25% (SE
+ 2.0%) on the 30th day post vaccination in the four other
volunteers (p = 0.0083) with identification of 90% of the
cellsasbeing CD8*CD45RO" T cellsin all volunteers, at
day 30. Among the CD8*CD38" T cells, amarker for acti-
vated T cells, a significant increase could be observed,
from 15t041.6% infirst-time vaccinees (p = 0.0207) and
from 20.7 t0 62.6% in re-vaccinees (p = 0.0017).

Analyzing the levels of CD4* T cells, it could be ob-
served that a significant increase in first-time vaccinees
occurred, from 22.4% (SE + 3.6) t0 39.17% (SE + 2.0%) on
the 30th day post vaccination (p = 0.0026), with 43% of
these cellsbeing identified as CD4*CD45RO" T cells. The
re-vaccinees have presented levelsof circulating CD4* T
cellsfrom 24.9% (SE + 1.4%) to 35.24% (SE £ 1.2%) be-
tween the 4th and the 10th day (n= 5) (p= 0.1613), and to
40% (SE £ 3.0%) on the 30th day post vaccinationin the
four other volunteers (p = 0.0051), presenting a percent-
ageof 90 and 95% of CD4*CD45RO" T cells, respectively.

The CD4/CD8ratioswere above one (varying from 1.3
to 2.1) with no difference between the two groups studied
(Table).

DISCUSSION

The Y F 17DD vaccine, produced in Bio-Manguinhos-
Fiocruz, Brazil, isknown to be asafe and efficient vaccine,
leading to suitable results with regards to nAb produc-
tion (Stefanoetal. 1999, WHO 2001b, Marchevsky et al.
2003). However, the cellular immune response profile of
the Y F 17DD vaccine has hot been known asyet, although
some rare adverse events after vaccination have been
suggested asafailurein the cellular immune response of
these patients (Galler et a. 2001, Mariannaeu et al. 2001,
Vasconceloset a. 2001).

In this work, we have analyzed some parameters of
humoral and cellular immune responses after YF 17DD
vaccination.

The volunteers of this study have well tolerated the
vaccination. No significant changes were detected in red
and white blood cell and platelet counts or in the tran-
saminase levels after vaccination.

The methods used to monitor the viremia, PA and RT-
PCR, were not able to detect viruses or viral RNA frag-
mentsin the seraof thefirst-timevaccineesor re-vaccinees,
despite of these methods were used with success by other
authors (Reinhardt et al. 1998). A hypothesisfor thislack
of detection of viremiacould bethe high titers of neutral-
izing antibodies, which would be able to suppress the
presence of circulating virus (Wisseman Jr & Sweet 1962)
and the decrease of viral circulation that is prompted by
YF 17DD virus, unlikethewild typevirus (Monath 1998).
In a previous study, the RT-PCR was shown to be more
sensitive than PA, it was seen that the RT-PCR detects
stretches of virus-specific RNA that may represent only
RNA fragments or defective viral particles, asapositive
assay does not necessarily reflect the presence of viable
virus (Reinhardt et al. 1998).
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All re-vaccinees have presented high titers of persis-  other reports (Reeveset al. 1958, Oehen et al. 1992). The
tent neutralizing antibodiesbeforere-vaccination, although  titersof nAbinall re-vaccinees have reached high values
they have not been in yellow fever endemic areaswithin  on the 30th day after revaccination. Theinduction of nAb
ten years of re-vaccination. These results strengthen the  observed among the first-time vaccinees have indicated
idea of viral presence in lymphatic tissues suggested by  the success of the vaccination. The levels of nAb in this
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Fig. 3: human peripheral blood mononuclear cell-derived lymphocytes, from volunteers before vaccination and 30th day post immuniza-
tion with yellow fever 17DD virus, were dual-stained with CD8-PC5/CD45RO-PE and CD4-PC5/CD45R0O-PE. The histograms represent
the percentage of CD45RO™ cells gated on CD8" (A) or CD4* (B) T cells on day 0 (before vaccination) and 30th day after vaccination in
first-time vaccinees and re-vaccinees. |sotype antibodies were used as negative control.
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group of volunteers were similar to those shown for the
re-vaccinees.

The CD3* T cell levelswere analyzed to eval uate the
profileof cellular immuneresponsesin all vaccinated sub-
jects. All volunteers have presented asignificant increase
inhisT cell subset, suggesting an activation of the cellu-
lar immune response. With respect to CD8" T cell counts,
it was observed asignificant augmentationin all first-time
vaccinees and in four re-vaccinees volunteers. This in-
crease of CD8" T cells was expected due to the impor-
tance of these cells in the mechanism of the immune re-
sponse for intracellular attenuated pathogens vaccinees
described by other authors (van der Most et al. 2000, 2002,
Coetal. 2002). In our study, the vaccination induced the
activation of CD8* T cells, as could be observed on the
significant increase of the CD8*CD38* T cellsinall volun-
teers.

First-time vaccinee

Isotype control
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CD4* T cellsareinvolved in several stepsin the me-
chanics of immune response, as antibodies and cytokine
production, among other events during the type-2 immune
response, through B cells activation and posterior plasma
cdl differentiation (Millset al. 2000, Liu & Chambers2001).
As was observed in this study, all first-time vaccinees
have presented a significant increase in their numbers of
B cells (data not shown) and in the CD4* T cell subsets.
In the group of the re-vaccinees, only four volunteers
have presented a significant increase in the latter lym-
phocyte subset. It is important to note that these volun-
teersalso had their CD8* T cellsaugmented significantly,
as discussed above.

The CD4/CD8 ratio did not demonstrate difference
between thetwo analyzed groups. The number of CD4* T
cellswere morethan CD8* T cells, showing anormal acti-
vation of the immune system after vaccination, to the
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Fig. 4: human peripheral blood mononuclear cell-derived lymphocytes, from volunteers before vaccination and 30th day post immuniza-
tion with yellow fever 17DD virus, were dual-stained with CD8-PE/CD38-FITC. The histograms represent the percentage of CD38* cells
gated on CD8* T cells, in first-time vaccinees and re-vaccinees, day 0 and 30th day after vaccination.

TABLE
Percentage values and ratio of CD4 and CD8 T cell subsets
Days post First-time vaccinees Revaccinees
vaccination %CD4 %CD8 CD4/CD8 %CD4 %CD8 CD4/CD8
0 225 153 15 24.9 19.7 13
2 22.8 18.2 13 28.4 20.5 14
4 35.2 20.7 17 313 21.3 15
7 22.7 17.7 13 29.7 174 17
10 32.0 225 14 27.0 20.3 13
15 29.3 18.2 1.6 24.7 14.3 17
30 39.1 24.2 1.6 29.4 20.7 14
60 38.8 18.0 21 22.7 154 15

Average of percentage values of CD4" and CD8* T cell subsets from 8 first-time vaccinees and 9 re-vaccinees with yellow fever
17DD virus. For standard error see Fig 2.
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opposite of the infection with flavivirus which presents
CD4/CD8ratioinversion(Lei etal. 2001, Liueta. 2002).

Not all re-vaccinees have presented significant in-
crease in the levels of CD4* and CD8" T cells, but the
percentage of their activated cell subsets (CD4*CD45RO*
and CD8*CD45R0" cell markers) was more highly aug-
mented than those of the first-time vaccinees. Thisresult
has suggested that the re-vaccinees were able to answer
totheYF 17DD viruswithout need for a co-stimulation.

The importance of the CD4* T cell and CD8* T cell
subsets in nAb production could be observed through
analysis of the results from one of the volunteers with
leucopoenia, anemiaand thrombocytopeniabefore vacci-
nation. In this volunteer, the increase of the cell subsets
analyzed did not occur and the nAb induction was ob-
served later than in the other volunteers.

Despite of several studies carried out analyzing the
levels of lymphocyte subset standardsin healthy humans,
it is known that such values are not constant, some fac-
tors can affect lymphocyte subset counts, such as stress,
physical exercises, smoking and al cohol (Goff et al. 1985,
Uppal et a. 2003).

The data presented herein provide a basis for further
studies on immunological responsetothe YF 17DD vac-
cine in human beings. Therefore, a study of the T cell
immune response activation associated to lymphocyte
proliferation and cytokine production in Y F vaccination
is underway.
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