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Abstract

Importance: There is evidence for a role of infections withime pathogenesis of islet
autoimmunity and type 1 diabetes (T1D), but presi@iudies did not allow assessing
potential critical time windows in this context.

Objective: To examine whether early, short term or cumulagx@osures to episodes of
infection and fever during the first three yeardlifef were associated with the initiation of
persistent islet autoimmunity in children at in@ea T1D risk.

Design: Prospective cohort study with daily infection res®@and regular assessment of islet
autoimmunity.

Setting: Diabetes Research Institute, Munich, Germany.

Participants. 148 high T1D risk children with documentation g245 infectious events in
90,750 person days during their first three yeéige

Main outcome measures. Hazard ratios (HR) for seroconversion to persistesiet
autoantibodies were assessed in Cox regression Isnadéh numbers of respiratory,
gastrointestinal and other infections, adjusting $ex, delivery mode, intervention group,
season of birth and antibiotic use.

Results: An increased HR of islet autoantibody seroconwersivas associated with
respiratory infections during the first six montifdife (HR, 2.27; 95% CI, 1.32-3.91) and in
the age of 6.0-11.9 months (1.32; 95% CI, 1.08)1.6uring the second year of life, no
meaningful effects were detected for any infectioategory. A higher number of respiratory
infections in the six months prior to islet autobatly seroconversion was also associated
with an increased HR (1.42; 95% Cl, 1.12-1.80).

Conclusion: Our study identified respiratory infections in lgachildhood as a potential risk

factor for the development of T1D.



Introduction

The incidence of type 1 diabetes (T1D) increaseddwide *, but its etiology is still not well
understood. Infections have been discussed as famiognvironmental determinants in the
pathogenesis of T1B* Retrospective case-control studies showed thira with newly
diagnosed T1D had higher titres of enterovirus baties® and were more likely to be
positive for enterovirus RNA' ’ compared to healthy controls. Prospective stutties
Finland confirmed the potential association betweanterovirus infections and islet
autoimmunity? ° while others from Germany and the USA did 3¢

These studies were based on a nested case-coasighdwhich has only a limited ability to
control for potential confounding factors. Furthems the approaches used did not allow
detailed analyses on whether there are criticad tvmdows in which infections might have a
particularly strong influence on the developmentstét autoimmunity. Moreover, infectious
agents other than enteroviruses, e. g. rotavirlse® been reported to be related to Fi.
The occurrence of fever is also of interest in ttustext, as fever indicates a strong immune
response and therefore a potentially sufficient fastlremoval of the possibly autoimmunity
triggering pathoger® *. However, fever might also indicate a severe itibecand excessive
immune response leading into tissue damage ansatioti of autoreactive cell® *°
Therefore it is not yet known whether fever is @ofable or unfavorable prognostic factor in
the pathogenesis of autoimmunity diseases.

The aim of this study was to examine whether ind&st and fever episodes during the first
three years of life were associated with the risk develop islet autoimmunity. We
hypothesized three scenarios to explain how irdastidiseases might be involved in this
context. First, early exposure, e.g. in the firginths of life, may be instrumental in inducing
a state of susceptibility for future seroconversiadhernatively, infections may have a short-

term impact, causing islet autoantibody seroconeers the following few months. Third,
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infections might have a cumulative impact such thatfrequency of infectious events would
increase the likelihood of islet autoimmunity ippestively of when they occur. To study this,
we took advantage of data from children with higk for T1D who had been followed from

three months of age within the BABYDIET study.

Materials and Methods

Data collection

The BABYDIET study is an intensively monitored Genmndietary intervention study testing
the potential effect of delayed gluten exposurat@ndevelopment of islet autoimmunity in
children at increased risk for diabetes. The stadiiort is still followed and has been
described in detail elsewhef® 2% In brief, 150 children younger than three montfigh at
least one first-degree relative with T1D and onetloke specific T1D-associated HLA
genotypes were recruited between 2000 and 2006djpation rate: 88.8 %) and randomised
to exposure to dietary gluten in the first yealifef After inclusion, children were followed in
three-monthly intervals until the age of three geand yearly thereafter for efficacy
(persistent islet autoantibodies) and safety ass&ss including intensivenonitoring with

three-monthly sample collection of venous bloodhaiand stool.

Assessment of infectious episodes

At the three-months visit, parents completed a ildetaguestionnaire on their children’s

history of infections, fever and medication. Speeity, they were asked about fever,

infectious symptoms (such as diarrhea, vomitingistipation and allergies) and the name of
administered pharmaceutical agents or their asgtigeedient with starting date and duration
of infections and medication. The questionnaireitamithlly addressed the occurrence of

diabetes and other autoimmune diseases in the chitd family and lifestyle habits such as
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smoking during pregnancy. All families then receivveBABYDIET book in which they were
asked to record all infections and fever event8{>3) together with medication and health
visits of their children on a daily basis until tage of three years. Parents were instructed to
report disease-free days in the BABYDIET book adl.Widhe diseases were classified using
the ICD-10 code from 2011 based on the physiciamsjnosis (if medical care had been
sought) or on parental reports of symptoms.

Infectious disease was defined as an acute eveordicg to the ICD-10 Code or by a
symptom indicating an infectious genesis. Infe&iewents were assigned to a specific time
interval by their date of onset. We defined thrategories of infectious diseases: a) infections
of the respiratory tract, ear, nose, throat and dppe (if inflammatory symptoms of the
respiratory tract were reported), b) gastrointedtinfections (if the main symptoms were
diarrhoea and/or vomiting), c) other infections ¢e.with symptoms of skin or mucosa
lesions). Other disease events such as allergiasoients were not considered as infectious
diseases. Separate infectious diseases of oneocategre defined as one infectious event if
there were less than six days of potential remisbeEtween the respective infections, as these
seemed likely to be caused by the same infectigaataAdditionally, we defined a category
called “any infections”, in which infectious diseasof different categories were considered

as one infectious event if their time frames warerkapping.

Assessment of islet autoantibody seroconversion

Seroconversion was defined as the developmentreispent autoantibodies to one or more of
the antigens insulin, GADG65, 1A-2 or Zn-T8. Onletfirst event of seroconversion in each
subject was taken into account. Measurement ofaatitmodies has been described elsewhere
2L The upper limits of normal were determined usiQ plots, corresponded to the 99th

percentile of control children, and were 1.5 loagaits/ml for 1AA, 35 WHO units/ml for
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GADA, 5 WHO units/ml for 1A-2A, 16 units/ml for ZrdRA, and 30 units/ml for ZnT8WA.
Using these thresholds for positivity, the assaga $ensitivities and specificities of 70% and
99% (1AA), 86% and 93% (GADA), 72% and 100% (IA-2a)d 84% and 100% for multiple
islet autoantibodies in the Diabetes Autoantibodgn8ardization Program Proficiency
Workshop?. Persistence was defined as being positive in at I consecutive samples
and in the last available sample. Islet autoantésdiere measured in venous blood samples
from all scheduled visits and therefore every thmenths. Diabetes development was
monitored and diagnosed according to the Americat@&es Association Expert Committee

criteria®,

Statistical analyses

Due to the daily records in the BABYDIET books whicovered also disease-free days, it
was possible to distinguish between documented dayth or without disease) and
undocumented days. To avoid potential bias dueat@tion in the number of documented
days between subjects and time periods, we cadoltiie numbers of infectious disease and
fever events per 100 documented days for each ekild measure of incidence. Due to the
detailed questionnaire at the three-months visét,cansidered all days from birth to this visit
as being documented. The analyses were restrictembs$ervations based on at least 20
documented days in the respective time interval.

In order to address the early exposure hypothesis;alculated hazard ratios (HRs) of time
until seroconversion to islet autoantibodies wehkpective 95% confidence intervals (Cls) by
the number of infectious events per 100 documedéss in the intervals of 0-5.9 months, 6-
11.9 months and 12-23.9 months of age using Cadpgrtional hazard regression model.
For any time point, we calculated four models, gsiotal number of infectious events as

predictor in the first model, numbers of respirgtayastrointestinal and other infections as
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separate predictors in the second model, numbanyfever events (recorded with or without
an infectious episode) as predictor in the thirddedipand number of fever events without
infection in the fourth model. In total, the dataseluded 26 events of islet autoantibody
seroconversion, which occurred at the age of @5B.20 years. There were no observations
with reported islet autoantibody seroconversiortha first six months of life; those with
seroconversion at the age of 6-11.9 months werei@ed from the 12-23.9 months analyses.
To examine the short term impact hypothesis, weutated Cox regression models with
number of infectious and fever events per 100 darued days in the last six months before
autoantibody seroconversion within the first thyears of life as time-varying predictdfs

In order to disentangle potential early exposurd sinort term effects, we performed two
sensitivity analyses. In the first one, we restdcthe models with infectious / fever events
during the first half year of life to those serogersion events which occurred after the first
year of life. In the second one, we restrictedrtoalels with time-varying predictors to those
seroconversion events which happened between dl.these years of age.

All Cox regression models were adjusted for sekyeley mode (caesarean section / vaginal),
intervention group, season of birth (March-May heéwugust / September-November /
December-February) and frequency of antibiotics, @swl tested for interaction with the
virus-sensing interferon induced with helicase @dm 1 (FIH1) gene polymorphisrtr.

With respect to the cumulative exposure hypothases,compared the distributions of the
recorded numbers of infectious events in childreithwand without autoantibody
seroconversion during their first two years of liiehree-monthly intervals.

One subject dropped out of the study after the firsit, and another one had less than 20
documented days in every age interval examinech Bloidren were therefore excluded from

the sample, leaving a final sample size of n=148.



The level of significance was set to 0.05 in aklgees. All calculations were carried out with
SAS 9.2 (SAS Institute Inc, Cary, NC). Plotting wdsne using R 2.14.1 (http://cran.r-
project.org).

The BABYDIET study was conducted at the DiabeteseRech Institute (Munich, Germany)
and approved by the ethics committee of the Ludwagdmilian University, Munich,

Germany.

Results

Descriptive statistics

In total, our data comprised 90,750 documented (tajde 1). Overall, 1,245 events (8.41 per
child) and 431 events (2.91 per child) had beewnteg with respect to infections and fever,
respectively. Children with islet autoantibody smmoversion during follow-up were
significantly more exposed to respiratory and gastestinal infections as well as to fever,
both during the first year of life and overall (l®2). The median number of documented
days decreased from 350.5 in the first year oftbfd77.5 in the second and 12.5 in the third
year, respectively. The median number of documedsss and median follow-up time per
child were similar in both groups, respectively.

While there were no islet autoantibody seroconearsivents observed in the first six months
of life, the incidence rates of seroconversion p@d person years were 8.51 in the second
half year, 4.07 in the second year and 3.67 iritilmd year of life. The mean incidences of the
three infection categories also increased condilierafter the first six months of life and
remained relatively constant thereafter, with gtglidecline in the third year of life (figure 1).
The same tendency was observed for the incidenfsvef. Respiratory infections constituted

the majority of the infections recorded.



Addressing the early exposure hypothesis

Despite the overall lower incidence of infectionsthe first 6 months of life, the number of
infections during this age period per 100 docuntkiiggys was associated with an increase in
the HR for islet autoantibody seroconversion inhbotude and adjusted analyses (table 3).
The effect size was particularly high for respirgtinfections (adjusted HR=2.27; 95% CI:
1.32-3.91), while there were no significant assomis with gastrointestinal and other
infections in this early period. The results wernailar when we excluded all seroconversion
events which happened during the first year of(lifgta not shown).

In the following six months of life, any infectiorend respiratory infections were again
significantly associated with islet autoantibodyosenversion. However, the effect size was
much lower than in the preceding period (e. g.iragpy infections: adjusted HR=1.32; 1.08-
1.61). There were no significant associations Vi@ber events in any of the two periods.
During the second year of life, no meaningful efewere detected for infections or fever
(data not shown). We did not detect significaneiattions withIFIH1 genotype in any
model (data not shown).

When we explored the associations observed in ther€gression analyses in further detail
(figure 2), we found that the rate of islet autdamiy seroconversion was highest in children
with >5 recorded events of respiratory infections the first year of life. For all
seroconverters, at least two infections had beparted in this period, including respiratory

infections for all except one case.

Addressing the short term impact hypothesis
Calculations with time-dependent covariates inéidathat the HR for seroconversion was
significantly increased by a higher number of resipry infections per 100 documented days

within the preceding six months (adjusted HR=1.4P1Z-1.80), table 4). Again,
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gastrointestinal and other infections did not haae positive association with the
seroconversion rate. However, we detected sigmifiaasociations with any fever events and
fever events without infection. When we restrictedse analyses to seroconversion events
after 1.5 years of life in order to disentanglegmbial effects of the first year of life and the
preceding six months, the results were similar,mmitsignificant, with the exception of any
fever events. Again, we found no interactions WikhH1 genotype (data not shown). For all
seroconverters, at least one infection had beeortexp within six months prior to the
seroconversion event, including respiratory infawsi for all except two cases (data not

shown).

Addressing the cumulative exposure hypothesis

Between nine and 18 months of life, subjects vatkd islet autoantibody seroconversion had
on average a higher total number of infectious &veacorded than their peers without
seroconversion as determined by Mann-Whitney Ustésata not shown). The respective
interquartile ranges of their cumulative infectionsmbers differed accordingly, although the
highest exposures were observed in children witlseubconversion (figure 3). The upper
quartiles (78 percentiles) of the distributions of the cumulatimumbers of respiratory
infections increased considerably faster in sereedars compared to healthy peers during
the first year of life, but this difference remaineelatively constant thereafter (figure 4).
There were no meaningful results with respect tetrgantestinal and other infections.
Therefore, the on average higher cumulative indecthumber in children with later
seroconversion (as concluded from higher intergaaranges) reflected mainly a higher
exposure to respiratory infections during the fyséar of life. All these findings were similar

when we compared numbers of events per 100 docecheéiatys (data not shown).
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Additional analyses

In an attempt to identify specific infectious disea which might be mainly responsible for
the increased rate of seroconversion by respirdatdgctions, we compared infection rates
between children with and without seroconversior ddserved significantly higher rates of
infections of the upper respiratory tract (Mann-tkhy-U test: p=0.005) and among these of
acute rhinopharyngitis (ICD-10 code JOO, p=0.00¥hen we used infections of the upper
respiratory tract as predictor variable in the Gegression models, we found significant
associations at 0-5.9 months, 6-11.9 months andixomonths before seroconversion (table
5). We observed no significant associations witfedtions of the lower respiratory tract

(table 5), of ear, nose and throat and of the dgta(not shown).

Discussion

Through the daily documentation of illnesses anabifeén children with a family history of
type 1 diabetes during the first three years & We could demonstrate that exposure to
infectious diseases, and in particular to respiyaiofections, in early life predicted the
development of islet autoimmunity. Primarily, weufm strong associations with infections
occurring in the first year of life, confirming tlearly exposure hypothesis.

There was also some evidence for the short-ternacinpypothesis, as infections and fever
events within six months prior to islet autoantip@@roconversion were also associated with
an increased islet autoimmunity risk. Notably,dildren who developed islet autoimmunity
had at least two infections in the first year & land at least one infection within six months
before islet autoantibody seroconversion. Howesemulative exposure alone seemed not to
be instrumental, as potential differences in thewaative disease numbers between children
with and without islet autoantibody seroconversioainly reflected different exposure to

infections in the first year of life only. Fevereseed to be associated with a detrimental rather
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than a protective effect, particularly with respcshort-term effects, but these findings were
not conclusive.

These results are novel, as this study for thd fime prospectively assessed infectious
diseases together with their starting date andtiduran children at risk for T1D. Overall,
only few data exist about the incidence of infeasi@and fever in infancy. Our finding that the
infection rates increased largely after the firstrsonths of life and remained relatively stable
thereafter is comparable to results from anothedyst® and appears likely to reflect
protection by maternal passive immunity which i®wn to decline during the first year of
life 2"%°. Extrapolated to yearly rates, our incidences epiratory infections were
comparable to those observed in another Germanlatapu®®. Other strengths of our study
lie in the frequent 3-monthly measurement of allrfeelevant islet autoantibodies and in the
fact that parents reported disease-free days ds swethat we were able to estimate disease
frequencies without reporting bias. Accompaniedention of medication data even enabled
us to rule out that our results were confoundedritipiotics use.

A potential limitation is the sample size, but sucbquent follow-up of study subjects,
detailed phenotyping and daily documentation oéétibus events constitutes a challenge for
both investigators and participants, so that iteapp difficult to obtain a larger population
size with such a study design. As a consequencejaia did not allow us finally excluding
that other than upper respiratory tract infectionght also have a potential impact on
development of islet autoimmunity, as the stat@tpower might simply have been too low to
detect such associations. Apparently for the saason, we were not able to finally exclude
that potential short term associations observeduindata might be due to early exposure

effects. Although we performed a number of sengytianalyses, it appears unlikely that this

has resulted in a multiple testing problem. Theaultesof these analyses were only used to
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assess the validity of the main analyses (whichldesh performed beforehand) and were not
interpreted otherwise.

Various mechanisms have been discussed to exptainitfectious diseases might induce
autoreactivity in T1D. Results from animal studiedicate that different viruses can affect
the development of islet autoimmunity via variousamanisms such as direct beta-cell lysis,
bystander activation of autoreactive T cells, lossegulatory T cells and molecular mimicry
3132 \which might therefore also be relevant in huntans

The age of six months to three years has beenifidenas peak incidence period of islet
autoimmunity in the BABYDIET data as well as in etstudies’’ > implying that most of
the relevant causative events occur at or befoie age. Our results indicate that early
exposure to infections increases the susceptibiiity developing islet autoantibodies.
Although it might appear plausible that such aestdtsusceptibility would soon lead to islet
autoantibody seroconversion, we found that exposuiafections in the first six months of
life was also associated with seroconversion dfterfirst year of life, thus indicating also
longer-term effects by early exposure.

Potential prevention strategies against T1D derivewh studies like this might address early
vaccination against specific infectious agents.ddmhately, we were not able to identify a
single infectious agent which might be instrumeimathe development of T1D. Our results
point to a potential role of infections in the uppespiratory tract and specifically of acute
rhinopharyngitis. These results are partly suppbtg the MIDIA study“’, which also
indicated that respiratory tract infections areoagged with the development of islet
autoimmunity. In general, our findings are in adasrce with other previous studies which
showed associations with enterovirus infectidn& ® 9 as rhinoviruses — an enterovirus

species — are known to be the major causative sgénéspiratory infection8 ™
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In conclusion, our study identified respiratorydations in early childhood, especially in the
first year of life, as a risk factor for the devetoeent of T1D. We also found some evidence
for short term effects of infectious events on depment of autoimmunity, while cumulative

exposure alone seemed not to be causative.
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Table 1. Total documented days and numbers of infectioud fever events in the

BABYDIET study (n=148).

Events of islet autoantibody seroconversion 26

Total documented days 90,750
Days with infections 12,910
Days with fever 1,137
Total number of any infectiorfs 843
Total number of respiratory infections 669

Total number of gastrointestinal infections 257

Total number of other infections 319

Total number of fever events 431

% In the category “any infections”, respiratory, famtestinal and other infections were
considered as one infectious event if their tinzenies were overlapping. Therefore, the total
number of infections recorded in this category Veager than the total number of infections

summed up over the three categories respiratorgirajatestinal and other infections.
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Table 2. Description of the BABYDIET study population. Raare presented as n (%) for
categorical or median (range) for continuous vaesbn children with and without islet
autoantibody seroconversion. Infections and feverewdocumented up to the age of 3 years.
P-values for differences between groups were datexdnby chi-square test and Mann-

Whitney U test (as appropriate).

Seroconversion | No seroconversion | p-value

Male sex 12 (46 %) 54 (44 %) 0.86
Mother smoking during pregnancy 0 (0%0) 13 (9.2 %) 0.13
Follow-up time [years] 5.76 (0.75, 9.18) 5.09 (Q.26.01) 0.38
Documented days per child 484 (145, 1098) 53512%0) 0.89
First year of life 309.5 (123, 366) 357.5,(986) 0.86
Any infections [per 100 dd] 2.20(1.30, 5.15) 1(@m®O, 5.42) 0.02
First year of life [per 100 dd] 1.94 (0.8289) | 1.37 (0.00, 3.84) 0.002
Respiratory infections [per 100 dd] 1.55 (0.6444.61.30 (0.00, 4.90) 0.02
First year of life [per 100 dd] 1.66 (0.0088) | 1.04 (0.00, 3.62) 0.002
Gastrointestinal infections [per 100 dd] 0.38 (0.D@3) | 0.13 (0.00, 2.29) 0.01
First year of life [per 100 dd] 0.30 (0.0063) | 0.00 (0.00, 1.79) 0.006
Other infections [per 100 dd] 0.33 (0.00, 1.64)270(0.00, 1.84) 0.22
First year of life [per 100 dd] 0.00 (0.0031) | 0.27 (0.00, 1.84) 1.00
Fever events [per 100 dd] 1.00 (0.27, 3.51) 0060Q, 2.53) 0.001
First year of life [per 100 dd] 0.83 (0.005B) | 0.55 (0.00, 2.47) 0.04

dd: documented days

&3 missing values (in each group)
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Table 3. Hazard ratios [95% confidence intervals] for iskettoantibody seroconversion at any time duringp¥elup by number of infectious

diseases and fever events per 100 documented dayg dhe age of 0-5.9 months and 6-11.9 monthgugichent was made for sex, delivery

mode, intervention group, season of birth and @ottds use.

0-5.9 months

6-11.9 months

Crude

Adjusted

Crude

Adjusted

Any infections

1.60 [1.06-2.42]

1.68 [1.04-2.72]

1.11 [0.998-1.24

1] 1.25[1.06-1.4]

Respiratory infections

1.95 [1.18-3.22]

2.27 [1.32-3.91]

1.10[0.97-1.25]

1.32 [1.08-1.6]

]

Gastrointestinal infections

1.38[0.53-3.6(

]1.29 [0.48-3.46]

1.46 [0.97-2.18]

1.37 [0.90-2.0¢

)]

Other infections

0.52 [0.15-1.73]

0.41[0.12-1.47]

1.06 [0.77-1.45]

1.07 [0.75-1.57

’]

Any fever events

1.83[0.84-3.96

1.81 [0.77-4.26]

1.38 [0.93-2.05]

1.50 [0.99-2.2¢

3]

Fever events without infection

1.56 [0.34-7.0"

52.04 [0.43-9.72]

1.30 [0.57-3.00]

1.44[0.53-3.9%

d
—_
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Table 4. Hazard ratios [95% confidence intervals] for isdetoantibody seroconversion at the age of 0-3syaad 1.5-3 years, respectively, by

number of infectious diseases and fever eventd @@rdocumented days in the 6 months prior to serasion. Adjustment was made for sex,

delivery mode, intervention group, season of barid antibiotics use.

Seroconversion at 0-3 years

Seroconversion at 1.5-3 years

Crude

Adjusted

Crude

Adjusted

Any infections

1.17 [1.03-1.34]

1.17 [1.03-1.32

] 21[0.91-1.61]

1.29[0.93-1.78]

Respiratory infections

1.25[1.04-1.51

I

1.42 [11180]

1.25[0.93-1.67]

1.32[0.95-1.82

Gastrointestinal infections

0.94 [0.51-1.74]

0.98 [0.53-1.81]

1.05 [0.63-1.71

5]1.08 [0.64-1.82]

Other infections

1.08 [0.79-1.47]

0.94 [0.68-1.30]

0.33[0.03-3.7%

510.31 [0.03-3.70]

Any fever events

1.15[1.07-1.24]

1.15 [1.07-1.23]

1.330.99-1.7¢

3]1.35 [1.01-1.82]

Fever events without infection

1.29 [1.05-1.58]

1.27 [1.03-1.57]

1.530.56-4.1]

/11.48 [0.53-4.14]
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10

11

12

Table 5. Hazard ratios [95% confidence intervals] for isdatoantibody seroconversion by number of infetionthe upper and lower respiratory
tract (URT, LRT) and of acute rhinopharyngitis g&0 documented days. All analyses were adjustedery delivery mode, intervention group,

season of birth and antibiotics use as well asfioer respiratory, gastrointestinal and other itdes.

0-5.9 months

6-11.9 months

6 months befor e seroconversion

URT infections

2.02 [1.10-3.72]

1.41 [1.09-1.82]

51[1.26-1.95]

LRT infections

0.88 [0.17-4.64]

2.12[0.96-4.69]

28]0.51-3.17]

Acute rhinopharyngitis

1.77 [0.88-3.53]

1.34 [1:DZ5]

1.31[0.90-1.90]
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Figure 1. Mean incidences of infectious and fever eventslg@rdocumented days in the first three years efitithe BABYDIET data.
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data.
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Figure 3. Total cumulative numbers of any infections in dhein with and without islet autoantibody serocosiar. In the left plot, interquartile
ranges of cumulative infection numbers are depiate8-monthly intervals up to the age of 24 monthsr each time point, subjects with prior

seroconversion were excluded from the respectil@ileions. In the right plot, cumulative infectiomumbers at 24 months are shown in detalil.
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subjects with prior seroconversion were excludedhfthe respective calculations.
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