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SUMMARY

Measles, mumps, rubella (MMR) and varicella zoster virus (VZV) infection can cause serious
diseases and complications in the HIV-positive population. Due to successful vaccination
programmes measles, mumps and congenital rubella syndrome has become neglected in
Germany. However, recent outbreaks of measles have occurred from import-associated cases.

In this cross-sectional study the serostatus for MMR and VZV in 2013 HIV-positive adults from
three different university outpatient clinics in Bonn (n = 544), Cologne (rn=995) and Munich (n =
474) was analysed. Sera were tested for MMR- and VZV-specific immunglobulin G antibodies
using commercial immunoassays. Seronegativity was found in 3% for measles, 26% for mumps,
11% for rubella and 2% for VZV. Regarding MMR, 35% of patients lacked seropositivity against
at least one infectious agent. In multivariable analysis younger age was strongly associated with
seronegativity against all four viruses, measles, mumps, rubella (P <0-001, P <0-001 and P =
0-001, respectively) and VZV (P =0-001). In conclusion, there is high need for MMR and VZV
vaccination in people living with HIV in Germany born in 1970 or later. Thus, systematic MMR
and VZV antibody screening and vaccination should be implemented in the HIV-positive
population to prevent serious disease and complications of vaccine-preventable diseases.
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INTRODUCTION infections [1]. There has been great concern regarding

People living with HIV are more likely to develop ser-  the safety and efficacy of live-attenuated vaccines in
ious disease from common vaccine-preventable — HIV-positive persons. However, studies have shown
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the safety of live-attenuated vaccines against measles,
mumps, rubella (MMR) and varicella zoster virus
(VZV) in children [2, 3] and adults [4-6] living with
HIV.

Life expectancy and quality of life have markedly
increased in HIV-positive individuals since the intro-
duction of antiretroviral therapy (ART) [7]. Thus,
the likelihood of HIV-positive individuals being in
contact with vaccine-preventable infections in occupa-
tional, social and travel exposures has increased sub-
stantially. At the same time, studies from other
countries have demonstrated low frequency of sero-
positivity against MMR or VZV in HIV-positive
patients, especially in young adults [1, 8-13]. The
guidelines from the European AIDS Clinical Society
(EACS) therefore recommend a proactive approach
towards screening and vaccination in HIV-positive
individuals [14].

While varicella vaccination was recommended for
children aged <24 months in 2004 [15], the history
of MMR vaccination goes back further and differed
between former East and West Germany, until in
1991 the MMR combination vaccine was introduced
in the reunified Germany. In the former East Ger-
many, measles vaccination was introduced 1970,
while mumps and rubella vaccination were not re-
commended. In the former West Germany, measles
vaccination was introduced 1973, followed by mea-
sles-mumps vaccination in 1976 and MMR vaccin-
ation 1980 [16, 17].

In the absence of a German national registry,
standardized data on vaccination coverage for
MMR is only obtained at the age of school entry,
with rates being consistently >90% since 2005
[18, 19]. However, the aim of the European World
Health Organization (WHO) region to eradicate mea-
sles and rubella in Europe by 2015 by achieving an
overall vaccination coverage of >95% has not been
achieved [20-22]. Introduction of MMR and VZV
vaccination into routine childhood immunization pro-
grammes has caused a shift of susceptibility, incidence
and disease burden towards young adults not having
received MMR and VZV vaccination in childhood
nor having obtained natural immunity through in-
fection in Germany and other European countries
[19, 23].

To the best of our knowledge, data regarding the
status of seropositivity for these vaccine-preventable
diseases are missing in the population living with
HIV in Germany. In our cross-sectional study, we
therefore aimed to determine the proportion of
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HIV-positive adults accessing routine HIV care in
Germany who lack seropositivity against MMR and
VZV. Furthermore, we attempted to identify demo-
graphic, sociological and HIV-related risk factors
associated with lack of seroprotection.

METHODS
Study population

This study was designed as a cross-sectional multi-cen-
tre study. The study was performed at two partner
sites of the German Center for Infection Research
(DZIF), partner site Bonn-Cologne and partner site
Munich. This involved outpatient clinics of three
different German university hospitals in Bonn,
Cologne, and Klinikum der Universitit, LMU,
Munich, all treating the full spectrum of HIV infec-
tion and associated diseases [24]. Between February
2014 and January 2015 all patients from the out-
patient clinics of these three university hospitals were
analysed during routine check-up.

Sociodemographic data (age, gender, country of
birth, mode of HIV acquisition) and clinical data [dur-
ation of HIV infection, US Centers for Disease
Control and Prevention (CDC) stage, nadir and
baseline CD4" lymphocyte count, HIV-1 RNA load,
ART] were collected from electronic databases.
This study was performed as a substudy of the
Translational Platform HIV by the German Centre
for Infection Research (NCT02149004) and was
approved by the institutional review boards of all
sites. All patients from Cologne and Bonn provided
written informed consent. The patients from Munich
were studied after irreversible de-identification in
agreement with the local ethics committee.

Serology

Serum samples were tested for the presence of IgG
antibodies against MMR and VZV as part of routine
patient care. These were tested by means of Siemens
Enzygnost anti-measles/IgG, anti-mumps/IgG, anti-
rubella/IgG or anti-VZV/IgG (Siemens, Germany),
respectively, with the BEP® III System, except for
anti-rubella IgG in serum samples from Cologne,
which was determined with the Architect Rubella
IgG Assay (Abbott, Germany).

According to the manufacturers’ instructions mea-
sles IgG negativity was defined <150 TU/l, equivocal
results as >150 to <300 IU/l and seropositivity as
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=300 IU/I. Mumps IgG negativity was defined as
<230 EU/ml, equivocal results as >230 to <460
EU/ml and seropositivity as >460 EU/l. Rubella
IgG negativity was defined <4 TU/l (Architect assay
<5 IU/ml), equivocal results as >4 to <8 IU/I
(Architect assay >5 to <10) and seropositivity as
> 8 TU/l (Architect assay >10 IU/ml). Varicella IgG
negativity was defined <50 IU/l, equivocal results as
>50 to <100 IU/l and seropositivity as =100 TU/L
For analysis with dichotomous variables a stringent
definition of seropositivity was used and equivocal
IgG findings were considered seronegative.

Statistical analysis

Statistical analyses were completed by using SPSS
Statistics software v. 23.0 (IBM Corp., USA). For
the assessment of normality, Shapiro-Wilk and Kol-
mogorov—Smirnov tests were conducted. Normally
and not-normally distributed data were analysed by
parametric and non-parametric tests, respectively.
Characteristics of the patient population were com-
pared by calculation of frequencies, means, and med-
ians. Bivariate analysis using cross-tables and y* test
with a significance level of 95% were applied in
order to compare characteristics of patients with pres-
ence of IgG antibodies against MMR and VZV and
those with absence of these antibodies

As measles and MMR vaccination were introduced
1970 and 1980, respectively, the distribution pattern
of seropositivity was analysed according to year of
birth. All variables were tested for multi-collinearity
problems by using correlation matrices (correlation
coefficient <0-8) and variance inflation factors (VIF
<10) [25]. Binary logistic regression models were used
to examine the main effects between variables of inter-
est and the dependent variables’ serostatus (negative/
equivocal vs. positive) of MMR and VZV. Odds ratio
and 95% confidence intervals are reported to show
the direction and strength of the association (Table 3).

Ethical statement

This work was performed in accordance with local
IRB guidelines of Bonn, Cologne and Munich.

RESULTS
Study population

Of the HIV-positive adults attending the HIV out-
patient clinics for routine care during the study period,
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2013 patients had serum samples taken. There were
544 patients from Bonn, 995 from Cologne, and 474
from Munich (see Table 1).

The majority of these patients were Caucasian
(79%), male (77%), and born in Germany (67%).
Most were receiving ART (89%) with an undetectable
HIV viral load (79%) and had median CD4" T cell
counts of 558 cells/ul [interquartile range (IQR) 390-
730]. Only 368 (18%) of the 2013 patients had a
history of an AIDS-defining event. In the population
surveyed, the most common mode of HIV acquisition
was men who have sex with men (MSM) (57%).

Seroprevalence of MMR- and VZV-specific antibodies

Measles serology was available for 96% (1937/2013),
mumps serology for 96% (1930/2013), rubella serology
for 96% (1926/2013) and VZV for 97% (1959/2013) of
patients.

The overall distribution of antibodies to MMR and
VZV is shown in Table 2. Seropositivity for measles
was detected in 92%, for mumps in 74%, for rubella
in 90% and for VZV in 97% of patients.

Of the 10% of patients having equivocal values or
negative rubella-specific IgG antibodies, 29 were
women of childbearing age. Therefore, in this cohort
9% of women of childbearing age were in need of ru-
bella vaccination with 23/29 (79%) women having
sufficient CD4" T cell counts for vaccination (CD4"
=200/ul).

In Germany, vaccination against MMR is currently
only available as a combination vaccine against all
three viruses. Thus, we further looked at the distribu-
tion pattern of seropositivity against MMR, which
was available for 1903 (95%) of the 2013 patients
(Fig. 1). The most frequent pattern was the concomi-
tant prevalence of all three IgG antibody types (mea-
sles, mumps, rubella) found in 65% (1231/1903), while
the second most frequent pattern was the prevalence
of measles- and rubella-specific antibodies in the ab-
sence of mumps antibodies in 19% (360/1903).
Regarding the combination vaccine MMR, 35%
(672/1903) of patients had an indication for vaccin-
ation against at least one entity, 93% of these patients
having a CD4" T cell count >200/ul, thereby qualify-
ing for vaccination. Considering year of introduction
of measles and MMR vaccination we performed an
analysis according to year of birth. The most frequent
pattern of positive IgG antibodies remained the con-
comitant prevalence of MMR IgG antibodies; how-
ever, the frequency dropped from 71% for patients
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Table 1. Characteristics of the study population

Population

Total, n (%)
Centre, n (%)
Bonn
Cologne
Munich
N=2013
Age, years, median (IQR)
N=2006
Year of birth, n (%)
Before 1970
1970 and after
N=2008
Gender, n (%)
Female
Male
N=2013
Ethnicity, n (%)
Caucasian
Afro-American
Asian
Hispanic
N=1996
Country of birth, n (%)
Germany
Outside of Germany
N=1986
Mode of HIV acquisition, n (%)
MSM
Heterosexual
IVDU
High prevalence country
Other
N=2013
Duration of HIV infection, years,
median (IQR)
N=2008
CDC stage, n (%)
A
B
C
N=2007
Baseline CD4" cell count, cells/ul,
median (IQR)
N=2008
Nadir CD4" cell count, cells/ul,
median (IQR)
N=1976
HIV-RNA, n (%)
<40 copies/ml
>4() copies/ml
N=2006

2013

544
995
474

46

1170
838

462
1551

1589
287
80
40

1349
637

1147
388
73
227
178

1434
205
368

558

200

1583
423

(100)

@7
49)
24

(39, 54)

(58)
(42)

(23)
(77

(79)
(14)
“)
@

(67)
(32)

(57)
(19)
“)
(1T)
)

(4, 15)

(71)
(10)
(18)

(390, 730)

(70, 330)

(79)
@
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ART, 1 (%)
On ART 1793 (89)
No ART 218 (11)
N=2011

IQR, Interquartile range; MSM, men who have sex with
men; VDU, intravenous drug use; CDC, US Centers for
Disease Control and Prevention; ART, antiretroviral ther-
apy; N, number of patients available for respective
parameter.

Table 2. Frequency of positive, equivocal and negative
measles, mumps, rubella and VZV IgG antibodies in
people living with HIV in Germany

Positive, % (n) Equivocal, % (n) Negative, % (n)

Measles 92 (1789) 4 (86) 3(62)
Mumps 74 (1421) 13 (257) 13 (252)
Rubella 90 (1724) 3 (56) 8 (146)
VZV 97 (1896) 1(17) 2 (46)

born 1930-1969, to 58% for patients born 1970-1979
and 49% in patients born 1980-1995.

Furthermore, serostatus of MMR and VZV was
analysed according to the sociodemographic and clin-
ical patients’ data (for detailed overview see
Supplementary Table Sla—d). By bivariate analysis,
for all viruses seropositivity declined with younger
age (Supplementary Table Sla-d, Fig. 2). Further-
more, seropositivity for measles was lower in patients
with a shorter duration of HIV infection (mean 8
years in negative vs. 10 years in positive, P = 0-007),
replicating HIV viral load (3% measles IgG negative
with HIV-RNA <40 copies/ml vs. 5% measles 1gG
negative with HIV-RNA >40 copies/ml, P=0-03).
In addition an association of measles serostatus and
CDC stage was found (4% measles IgG negative in
CDC A, 0% in CDC B and 3% in CDC C, P =0-017).
For mumps seropositivity was lower in patients born
in Germany (15% mumps IgG negative born in
Germany vs. 9% mumps IgG negative born outside
Germany, P=0:002) and in MSM (15% mumps
IgG negative in MSM vs. 10% mumps IgG negative
in non-MSM, P =0-001). Seropositivity for rubella
was lower in patients with baseline CD4" <200/ul
(13% rubella 1gG negative with CD4" <200/ul vs.
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Table 3. Logistic regression model of main effects between variables of interest and measles, mumps, rubella and VZV IgG seronegativitylequivocal

Measles IgG negative*

Mumps IgG negative*

Rubella IgG negative*

VZV 1gG negative*

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Country of birth: Germany *x 1-439 (1-111-1-863) 0-006 1-409 (1-003-1-980) 0-048 **
Duration of HIV infection (years) *E 1-013 (1-005-1-022) 0-002 *x 1-022 (1-:001-1-044) 0-040
HIV acquisition: MSM o 1-320 (1-044-1-669) 0-020 ** **
CDC stage (ref. stage C)

A 0-853 (0-510-1-426) 0-543 0-738 (0-537-1-015) 0-062 ** **

B 0-289 (0-096-0-872) 0-028 1-138 (0-757-1-711) 0-533 ** **
CD4 nadir (cells/ul) (ref. =500)

<200 wE *E 2:036 (0-979—4-235) 0-057 *x

<350 ** ** 1-799 (0-868-3-728) 0-114 **

<500 ** ** 1-573 (0-716-3-456) 0-260 **
CD4 baseline (cells/ul) (ref. >=500)

<200 1:796 (0-900-3-586) 0-097 1-218 (0-743-2-023) 0-446 1-768 (0-952-3-284) 0-071 **

<350 1673 (0-988-2-832) 0-055 1-007 (0-716-1-417) 0-967 1:236 (0-778-1-965) 0-370 *

<500 1-104 (0-693-1-760) 0-676 0-716 (0-533-0-961) 0-026 0-940 (0-623-1-418) 0-767 *x
HIV RNA (copies/ml) <40 ** 0-806 (0-604—1-076) 0-233 0-828 (0-540-1-271) 0-388 1-022 (1-001-1-044) 0-045
On ART ** ** 1-308 (0-681-2-512) 0-420 **
Age (years) 0-909 (0-892-0-927) 0-000 0-961 (0-950-0-972) 0-000 0-976 (0-962-0-990) 0-001 0-942 (0-913-0-968) 0-000
Male sex 1-134 (0-850-2-030) 0-219 ** *x 0-637 (0-358-1-133) 0-125

OR, Odds ratio; CI, confidence interval; MSM, men who have sex with men; CDC, US Centers for Disease Control and Prevention; ART, antiretroviral therapy.
* Equivocals are grouped with the seronegatives. The reference category is positive.

** These variables were deleted during backward elimination.

0t
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Fig. 1. Distribution patterns of measles, mumps and rubella protective IgG antibody combinations in 1903 HIV patients.

Dark squares indicate seropositivity.

7% rubella IgG negative with CD4" >200/ul,
P=0-02). Finally, seropositivity for varicella was
lower in male patients (2% varicella IgG negative in
females vs. 3:6% varicella IgG negative in males,
P =0-026) and an association was found with CDC
stage (3% varicella IgG negative CDC A, 2% in
CDC B and 1% CDC C, P=0-04).

We furthermore calculated a binary logistic regres-
sion model for MMR and VZV serostatus identifying
and comparing factors predicting seronegativity/
equivocal. Variables showing association (P < 0-25)
with serostatus of at least one of the four viruses
were offered to the model.

Our final model included the clinically defined risk
factors country of birth, duration of HIV infection,
CDC stage, nadir CD4" cell count, baseline CD4"
cell count, HIV RNA, ART status, age and gender.
For all four viruses, age was a significant factor of
seronegativity/equivocal. None of the models was
able to properly predict seronegativity, with pseudo-
R? values ranging from 0-059 to 0-163 (Table 3).
These results were very robust towards sensitivity ana-
lysis, including backward and forward elimination for
selection of variables. This model revealed some sig-
nificant associations for country of birth (mumps
and rubella), duration of HIV infection (mumps and
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VZV), HIV acquisition (mumps), CDC stage (mea-
sles), CD4 baseline (mumps) and HIV RNA (VZV)
(for detailed overview see Table 3).

DISCUSSION

In our cross-sectional study of adults living with HIV
in Germany and accessing routine care, we found as
many as 35% of patients susceptible to at least one in-
fection preventable by MMR vaccination and 2% of
patients susceptible to VZV.

Our analysis revealed an overall low frequency of
measles seronegativity (3-2%) in the 1937 adult HIV-
positive patients screened for measles antibodies.
This result is consistent with studies performed in
other European countries, such as France (4:6%)
[10], Austria (8%) [12], UK (7%) [1] and Spain (5%)
[13]. However, we found a strong independent associ-
ation between measles serostatus and age. While the
frequency of measles seronegativity was lowest (0%)
in patients born between 1930 and 1940, it continu-
ously increased through decades of birth, reaching as
high as 26% between 1990 and 1995. This observation
probably relates to emerging vaccination programmes
disrupting transmission of natural infection, thus in-
creasing frequency of seronegative patients in the


https://doi.org/10.1017/S095026881600217X

242 C. Schwarze-Zander and others

Measles
1gG
serostatus

[negative
Nequivocal
W protective

30-39 40-49 50-59 60-69 70-79 80-89 90-95
Year of birth 1930-95

. Rubella
100% G

serostatus
[negative

Sequivocal
M protective

80%

60%

40%-

20%
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Year of birth 1930-95

Fig. 2. Frequency of negative, equivocal and positive measles,

(1930-1995).

group of non-vaccinated patients and vaccination
non-responders. In HIV patients born outside Ger-
many, the frequency of measles seronegativity did
not differ from that of patients born in Germany,
which is in line with results from studies performed
in France [10] and Spain [13].

Measles has seen a marked resurgence during recent
years in Germany, with the latest outbreak in Berlin
affecting >1000 individuals between October 2014
and May 2015 [26]. In agreement with our data on
lack of seropositivity to measles especially in indivi-
duals born between 1970 and 1995, around one
third of persons with measles infection in the recent
outbreak were aged 20-40 years [26].

In our study, 26% and 11% of HIV-positive adults
were susceptible to mumps and rubella virus infection,
respectively. There is no evidence suggesting a more
severe course of mumps or rubella in HIV-positive
individuals. However, especially in women of child-
bearing age, we found 9% had no seropositivity
against rubella, thus risking severe complications of
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mumps, rubella and VZV IgG antibodies by year of birth

rubella infection in case of pregnancy. In our study,
79% of these had CD4" T cell counts >200/ul and
were potentially eligible for vaccination.

We found <3% of HIV-positive adults negative for
VZV-specific IgG antibodies, which again was asso-
ciated with decade of birth. Given HIV-positive
patients are at increased risk of complications and se-
vere courses of VZV infection, HIV patients lacking
VZV seropositivity should be evaluated for varicella
vaccination.

Recently, an epidemiological report on the sero-
prevalence of MMR antibodies in children and ado-
lescents aged between 1 and 17 years living in
Germany described an increase of seronegativity by
years since last vaccination, indicating a significant
antibody waning effect for all three components of
the MMR vaccine [16]. This is supported by a study
investigating the seropositivity for MMR and VZV
in 223 medical students with a median age of 23-4
years in Germany [27]. Seropositivity was detected
in 91-5% for measles, 80-3% for mumps, 90-1% for
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rubella and 96-9% for varicella, demonstrating a high
need for immunization in this age group. HIV status
seems to play a minor role in the significant gap of
seropositivity found in young adults. This may be
explained by the fact, that immunity gained by natural
infection and vaccination-acquired immunity are
developed long before HIV infection occurs. HIV in-
fection does not seem to significantly alter MMR
and varicella zoster seropositivity acquired before
HIV infection.

There are limitations to this study. The vaccination
history was not evaluated as records of vaccination
history are incomplete. Thus, we are unable to make
conclusions concerning vaccination history and cur-
rent seropositivity of MMR- and VZV-specific anti-
bodies. Time of immigration into Germany has not
been recorded, possibly influencing seropositivity for
MMR and VZV in patients born outside Germany.
Furthermore, no direct conclusion can be made on im-
munity against these viruses, as we restricted our study
to measuring serum IgG levels in ELISAs.

The guidelines from the EACS [14] recommend
screening for antibodies against vaccine-preventable
diseases, such as MMR and VZV, at initial and subse-
quent visits of HIV-positive persons. Vaccination of
those that are seronegative is recommended if the
CD4" T cell count is >200 cells/ul. It is unclear
how strictly these recommendations are followed by
HIV physicians across the European region. Our
data support that screening and subsequent vaccin-
ation must be implemented more widely in Germany
especially in HIV-positive individuals born in 1970
or later.

In conclusion, we found 35% of HIV-positive indi-
viduals in need of MMR vaccination and 2% in need
of varicella vaccination. While HIV-related factors
seem to play a minor role, being born in 1970 or
later is associated with risk of seronegativity for
MMR and VZV, all four being vaccine-preventable
diseases. Considering the recent measles outbreak in
Berlin, our study provides useful data on the import-
ance of consequently implementing routine serological
screening for vaccine-preventable diseases in the HIV-
positive population. Vaccination remains the corner-
stone of disease prevention.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S095026881600217X.
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