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In an outbreak of measles in Gothenburg, Sweden, 
breakthrough infections (i.e. infections in individuals 
with a history of vaccination) were common. The objec-
tive of this study was to compare measles RNA levels 
between naïve (i.e. primary) and breakthrough infec-
tions. We also propose a fast provisional classifica-
tion of breakthrough infections. Medical records were 
reviewed and real-time PCR-positive samples geno-
typed. Cases were classified as naïve, breakthrough 
or vaccine infections. We compared clinical symptoms 
and measles RNA cycle threshold (Ct) values between 
breakthrough and naïve infections. Sixteen of 28 con-
firmed cases of measles in this outbreak were break-
through infections. A fast provisional classification, 
based on previous history of measles vaccination and 
detectable levels of measles IgG in acute serum, cor-
rectly identified 14 of the 16 breakthrough infections, 
confirmed by IgG avidity testing. Measles viral load 
was significantly lower in nasopharyngeal samples 
from individuals with breakthrough compared with 
naïve infections (median Ct-values: 32 and 19, respec-
tively, p < 0.0001). No onward transmission from break-
through infections was identified. Our results indicate 
that a high risk of onward transmission is limited to 
naïve infections. We propose a fast provisional clas-
sification of breakthrough measles that can guide con-
tact tracing in outbreak settings.

Introduction
The 2-dose regime of measles vaccination has greatly 
reduced the morbidity and mortality of measles [1,2]. 
Measles vaccination has been offered to all children in 
Sweden since 1971, and a 2-dose regimen of measles-
mumps-rubella (MMR) vaccination was introduced in 
the Swedish national child vaccination programme in 
1982. The first MMR vaccination is currently sched-
uled at 18 months and the second at 6–8 years of age. 
The average vaccine coverage has been estimated 
to exceed 95% in children 2 years or older and in a 

seroprevalence study from 2007, protective levels of 
antibodies against measles were found in 98% of par-
ticipants [3,4].

There have been reports of measles in previously 
immunised individuals, especially in healthcare work-
ers (HCW) [5-10]. In areas with high vaccination cover-
age, it has been estimated that the majority of cases 
in an outbreak will be breakthrough infections (i.e. 
infections in individuals with a history of vaccination) 
[11,12]. Transmission of infection from individuals with 
breakthrough infections seems to be rare [10,13-15], 
and the recently published national measles guide-
lines by Public Health England recommend only limited 
contact tracing around such cases [16]. The current 
Swedish guidelines recommend extensive contact trac-
ing around all confirmed cases of measles, leading to 
substantial contact tracing efforts [4]. Breakthrough 
infections cannot be distinguished from naïve (i.e. pri-
mary) infections based on clinical presentation alone 
[13]. Measles-specific IgG antibody titres are usually 
high in acute-phase serum but IgM may be undetecta-
ble, making analysis of measles virus RNA by real-time 
PCR the preferred diagnostic method for breakthrough 
infections [17,18]. Analysis of measles IgG antibody 
avidity or measles neutralising antibodies by plaque 
reduction neutralisation assays (PRN) in acute serum 
samples are used to confirm breakthrough infections 
[10,15,19,20].

The aim of this study was to report an outbreak of 
measles, with focus on the real-time PCR results in 
nasopharyngeal, urine and serum samples in individu-
als without pre-existing immunity in comparison with 
subjects with breakthrough infections. Based on the 
observations, we propose a fast provisional classifica-
tion of breakthrough infections that may guide deci-
sions regarding contact tracing and infection control 
during an outbreak.
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Figure 1
Confirmed cases of measles during the outbreak in the Gothenburg area, by date of symptom onset, Sweden, December 
2017–January 2018 (n = 28)
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Figure 2
Transmission chains during the measles outbreak in the Gothenburg area, Sweden, December 2017– January 2018 (n = 28)
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Outbreak description
On 10 December 2017, a young adult was admitted 
to Sahlgrenska University hospital in Gothenburg, 
Sweden, with a 4-day history of fever and a general-
ised rash for 2 days. Measles infection was confirmed 
by real-time PCR. More than 300 individuals were 
regarded as potentially exposed and a large-scale con-
tact tracing effort among exposed individuals in the 
community, patients and HCW was initiated. Between 
December 2017 and February 2018, an additional 27 
cases of measles were diagnosed in two major trans-
mission chains (Figure 1  and  2) in the Gothenburg 
area (with a population of approximately one million 
inhabitants).

Methods
We performed a retrospective review of medical 
records and laboratory results of laboratory-confirmed 
cases of measles.

Definitions
The European Union’s (EU) case definitions for measles 
and laboratory criteria are used in Sweden [21]. During 
the outbreak, the definition of a suspected case was 
a possibly non-immune person with possible exposure 
to measles and at least one of the following symptoms: 
fever, maculopapular rash, conjunctivitis or respira-
tory symptoms [4]. For contact tracing, a contact was 
defined according to Swedish guidelines as an individ-
ual who had spent time indoors together with a labo-
ratory-confirmed case of measles in the period 4 days 
before to 4 days after the onset of rash [4].

Naïve (i.e. primary) infection was defined as a con-
firmed case of measles in an immunologically naïve 
individual with no evidence of pre-existing immunity 
(no history of immunisation or measles infection and 
negative titres of measles-specific IgG antibodies in 
acute serum at or after onset of rash (if taken within 
4 days), regardless of whether post-exposure prophy-
laxis (vaccine or immunoglobulin) was given or not.

Breakthrough infection was defined as a confirmed 
case of measles in an individual with history of vac-
cination and/or positive IgG levels (> 399 mIU/mL) in 
acute serum at or after onset of rash (if taken within 
4 days), regardless of whether post-exposure prophy-
laxis was given or not. A fast provisional classification 
was established that included an individual with his-
tory of vaccination (not necessarily documented) and 
positive IgG levels (> 399 mIU/mL) in acute serum at 
or after onset of rash (if taken within 4 days). A con-
firmed breakthrough infection was defined as a case 
of confirmed measles with high-avidity IgG antibod-
ies in acute serum according to criteria from the World 
Health Organization (WHO) Global Measles and Rubella 
Laboratory Network [22].

Vaccine infection was defined as an individual with 
rash but without respiratory symptoms and a history 
of measles vaccination 7–14 days before rash onset 

according to the definition by the WHO Global Measles 
and Rubella Laboratory Network [22]. As a large pro-
portion of individuals received pre- and post-exposure 
prophylaxis during the outbreak, detection of measles 
RNA in nasopharyngeal, urine or blood samples and 
confirmation of infection with the vaccine strain by 
genotyping was included in the definition.

Patient characteristics
Demographic characteristics as well as clinical data 
and medical history were obtained from medical 
records. Previous measles infection, history of measles 
immunisation, the number of vaccine doses (based 
on review of vaccination booklets when available or 
self-reporting) and post-exposure prophylaxis were 
registered.

All confirmed cases (older than 1 year) were offered a 
follow-up visit (FU) 4-8 weeks after infection for serum 
sampling and analysis of IgM and IgG levels. Cases 
were categorised into three subgroups: naïve infection, 
breakthrough infection and vaccine infection.

Measles antibody assays
Acute and convalescent sera were tested in parallel 
using the Enzygnost (Siemens Healthcare Diagnostics 
Products, Eschborn, Germany) anti-measles IgG and 
IgM enzyme immunoassays on a BEP 2000 ELISA robot 
(Siemens Healthcare Diagnostics Products). Samples 
with IgG antibody levels > 399 mIU/mL were considered 
positive.

Avidity of IgG antibodies against measles virus was 
tested by a commercial test (Euroimmun, Avidity 
determination of antibodies against measles virus 
(IgG), Order no El 2610–9601–1G, Medizinische 
Labordiagnostika AG, Lübeck, Germany). In measles 
IgG-positive samples, results were calculated as rela-
tive avidity index (RAI). RAI < 40% was defined as low 
avidity, 40–60% as equivocal and > 60% as high avidity.

Detection of measles virus RNA and 
sequencing
Real-time PCR was used to detect measles virus RNA in 
nasopharyngeal, urine and serum samples [23]. Nucleic 
acid from 200 µL specimens was extracted by a MagNA 
Pure LC instrument (Roche Diagnostics, Mannheim, 
Germany) using the Total Nucleic Acid isolation kit. The 
nucleic acids were eluted in 100 μL volume and 10 μL of 
this were used for real-time PCR, which was performed 
in an ABI 7500 instrument (Applied Biosystems, Foster 
City, United States (US)) in 50 μL reaction volume con-
taining primers (measN1F, CGATGACCCTGACGTTAGCA; 
measN1R, GCGAAGGTAAGGCCAGATTG) and probe 
(measN1P, AGGCTGTTAGAGGTTGTCCAGAGTGACCAG), 
and SuperScript III Platinum One-Step qRT PCR kit with 
ROX (Invitrogen). After a reverse transcription step at 
46 °C for 30 min followed by 10 min of denaturation 
at 95 °C, 45 cycles of two-step real-time PCR was per-
formed (15 s at 95 °C, 60 s at 58 °C). The cycle threshold 
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(Ct) value was used as a semiquantitative measure of 
the viral load of measles virus RNA in the sample.

Measles virus genotyping was performed by sequenc-
ing of the C-terminal part of the nucleocapsid gene 
(N-450) at the national reference laboratory at the 
Public Health Agency of Sweden in Stockholm and the 
sequences were deposited by the reference laboratory 
in the WHO MeaNS database.

For additional distinction, a 400 nt segment of the 
hypervariable region (HVR) was amplified using prim-
ers MorbHVR_F1 (TTCCGCATTTACGACGACGTGA) and 

MorbHVR_R1 (GTTCCTTGGCCCTAAGTTTTGT). When 
needed, a second (inner) PCR was performed using prim-
ers MorbHVR_F2 (GTGATCATAAATGATGACCAAGGAC) 
and MorbHVR_R2 (GTCACCTCGGTCGCTTGTG). A cycle 
sequencing reaction was then performed using the 
same primers as used in the amplification.

The sequences were aligned with reference sequences 
from GenBank and phylogenetic analysis was per-
formed using MEGA7 software [24]. A phylogenetic tree 
was created by maximum likelihood method based 
on the Tamura–Nei model after bootstrapping to 500 
replicates.

Table 1
Patient characteristics and laboratory results for patients with laboratory-confirmed measles during the outbreak in the 
Gothenburg area, Sweden, December 2017–January 2018 (n = 28)

Patient Infection typea
Age group 

 
(years)

Doses of 
measles vaccine 

received

Days from 
onset of rash to 

sampling
Symptoms Fulfilled EU criteria 

for confirmed caseb Infected others

1 N 21–30 0 3 R F K C Z Yes Yes
2 N 31–40 0 3 R F C Yes Yes
3 N 0–10 0 2 R F C Z Yes Yes
4 N 0–10 0 1 R F C Yes No
5 N 31–40 0 0 R F C Yes No
6 N 0–10 0 0 R F C Yes No
7 N 0–10 0 0 R F C Yes Yes
8 N 51–60 0 4 R F K C Yes Yes
9 N 31–40 0 4 R F C Yes No
10 N 0–10 0 1 R F K C Yes No
11 N 0–10 0 1 R F K C Yes No
12c N 31–40 0 5 R F K C Yes No
13 B 21–30 1d 1 R F No No
14 B 31–40 2 1 R F No No
15 B 31–40 2 0 R F No No
16 B 31–40 2 0 R F No No
17 B 11–20 1d 0 R F No No
18 B 41–50 1d 1 R F C Yes No
19 B 31–40 2 1 R F K Yes No
20 B 51–60 1d 1 R F K C Yes No
21 B 31–40 1d 0 R F No No
22 B 21–30 1 1 R F No No
23 B 31–40 1 0 R F K Z Yes No
24 B 31–40 1 0 R F C Yes No
25 B 51–60 2 0 R No No
26 B 31–40 1d 2 R F No No
27 B 21–30 1d 3 R F No No
28 B 51–60 1 1 R F K C Yes No

B: breakthrough infection; C: cough; EU: European Union; F: fever; K: conjunctivitis; N: naïve infection; ND: not done; R: rash; Z: coryza.
a Breakthrough infection was defined as a confirmed case of measles in an individual with history of vaccination and/or positive IgG levels 

(> 399 mIU/mL) in acute serum at or after onset of rash (if taken within 4 days), regardless of whether post-exposure prophylaxis was given 
or not.

b Fulfilled both clinical and laboratory criteria according to the EU case definition.
c Patient 12 had no history of vaccination against measles and no history of measles infection. This patient presented low levels of IgG (579 

mIU/mL) at first sampling 5 days after onset of rash and had received post-exposure measles vaccine 7 days before onset of rash.
d Reported at least one dose of measles vaccine, not documented.
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Statistical analysis
Continuous variables were compared using Mann–
Whitney U-test and comparisons of proportions were 
made using Pearson’s chi-squared or Fischer’s exact 
tests as appropriate. P values < 0.05 were considered 
statistically significant. All statistical analyses were 
done with the SPSS software package version 22.0.0.0 
(IBM, Armonk, New York, US).

Ethical approval
The study was approved by the Research Ethics 
Committee at Gothenburg University (Dnr 409–18).

Results

Characteristics and classification of cases
Clinical characteristics and laboratory results for all 28 
cases of measles including laboratory results from FU 

Table 2
Patient characteristics and laboratory results for patients with laboratory-confirmed measles during the outbreak in the 
Gothenburg area, Sweden, December 2017–January 2018 (n = 28)

Patient Infection 
typea

IgM 
 

acute sera

IgG (mIU/mL) 
 

acute sera

IgM 
 

FU

IgG (mIU/mL) 
 

FU

Ct 
value 

NP

Ct 
value 
urine

Ct value 
blood

Avidity 
indexb (%) 

 
acute sera

Avidity 
indexb (%) 

 
FU

1 N Equivocal Neg Pos 6,191 18 21 Neg NA 54 (E)
2 N Pos Neg Pos 10,083 22 22 38 NAc 67 (HA)
3 N Pos Neg ND ND 17 20 17 NA ND
4 N Neg Neg ND ND 28 ND 36 NA ND
5 N Pos Neg ND ND 22 26 31 NA ND
6 N Equivocal Neg ND ND 20 24 31 NA ND
7 N Pos Neg Equivocal 13,454 18 ND ND NAc 73 (HA)
8 N Pos Neg ND ND 19 17 32 NA ND
9 N Neg Neg Neg 3,648 22 ND ND NA 44 (E)
10 N Pos Neg Equivocal 9,420 17 ND ND NA 58 (E)
11 N Pos Neg Pos 12,682 18 22 32 NA ND
12d N Neg 579 Neg 5,204 19 19 32 16 (LA) 45 (E)
13 B Neg 11,952 Neg 29,730 33 33 Neg > 99 (HA) > 99 (HA)
14 B Equivocal 22,650 Equivocal > 30,000 35 38 Neg 94 (HA) 91 (HA)
15 B Neg 7,040 Neg > 30,000 25 35 Neg 80 (HA) 89 (HA)
16 B Neg 508 Equivocal 26,891 32 31 Neg 65 (HA) 96 (HA)
17 B Neg 2,513 Neg > 30,000 34 34 ND 78 (HA) 92 (HA)
18 B Equivocal 5,593 ND ND 24 27 Neg NDe ND
19 B Neg 27,960 Neg > 30,000 31 29 Neg 99 (HA) > 99 (HA)
20 B Equivocal 29,425 Neg 28,030 Neg 35 Neg 96 (HA) 97 (HA)
21 B Neg 3,931 Neg > 30,000 Neg 34 Neg 85 (HA) > 99 (HA)
22 B Neg 4,350 Equivocal > 30,000 37 29 Neg 82 (HA) > 99 (HA)
23 B Neg Neg ND ND 31f ND ND ND ND
24 B Equivocal 28,980 Neg > 30,000 Neg 34 Neg 90 (HA) 97 (HA)
25 B Neg 2,115 Equivocal 27,883 Neg Neg 36 71 HA) 94 (HA)
26 B Equivocal 209,570 Neg > 30,000 Neg 34 Neg 94 (HA) 98 (HA)
27 B Equivocal 192,190 Neg > 30,000 31 Neg Neg 91 (HA) 99 (HA)
28 B Neg Neg ND ND 37 39 40 NDe ND

B: breakthrough infection; Ct: cycle threshold; E: equivocal; FU: follow-up visit; HA: high avidity; LA: low avidity; N: naïve infection; NA: not 
applicable; ND: not done; Neg: negative; NP: nasopharynx; Pos: positive.

a Breakthrough infection was defined as a confirmed case of measles in an individual with history of vaccination and/or positive IgG levels 
(> 399 mIU/mL) in acute serum at or after onset of rash (if taken within 4 days), regardless of whether post-exposure prophylaxis was given 
or not.

b Relative avidity index was calculated according to instructions by the manufacturer: HA > 60%, E 40–60%, LA < 40%.
c Low levels of low-avidity IgG antibodies (below the detection limit of the standard IgG assay) were detected, in Patient 2 (31%) and in Patient 

7 (23%).
d Patient 12 had no history of vaccination against measles and no history of measles infection. This patient presented low levels of IgG (579 

mIU/mL) at first sampling 5 days after onset of rash and had received post-exposure measles vaccine 7 days before onset of rash.
e Not done because of insufficient material.
f Performed at a different laboratory with the same method.
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are presented in  Tables 1  and  2. The median age was 
32 years (interquartile range (IQR): 22–40) and 20 of 
the 28 cases were female. Nine of the cases were HCW. 
In 20 of the 28 cases, a FU serum sample was obtained 
4–8 weeks after first sampling.

Twelve of the 28 cases were classified as naïve infec-
tions. Eleven of those had no history of vaccination and 
were negative for measles IgG at first sampling. Patient 
12 had low levels of IgG (579 mIU/mL) 5 days after onset 
of rash, but had no history of vaccination against mea-
sles or of measles infection. This patient had received 
post-exposure measles vaccine 7 days before the onset 
of rash and was therefore considered to have a naïve 
infection, which was confirmed by genotyping and IgG 
avidity testing.
Sixteen of the 28 cases were identified as break-
through infections. They had previously received at 
least one dose of measles vaccine (five had two and 
four had at least one dose of documented vaccination 
and 7 reported at least one dose of vaccination but this 
could not be confirmed by documentation), and all but 
two (Patient 23 and 28) had measles IgG > 399 mIU/mL 
at onset of rash. Our proposed fast provisional classifi-
cation identified 14 of 16 breakthrough infections. They 
were confirmed by IgG avidity testing of acute serum 
samples (Table 1 and 2). Unfortunately, patient 23 and 
28 did not agree to take a FU sample.

Vaccine infections
In addition, six confirmed vaccine infections were 
diagnosed in adult patients, who all received their 
first dose of measles vaccine during or directly after 
the outbreak (Table 3). None of them had a history of 
measles vaccination before the outbreak. Vaccination 
was given as post- exposure prophylaxis, but also to 
individuals in the society who were uncertain of their 
vaccination history. The median age of the six persons 
was 42 years (IQR: 20–54). Four of six were female and 
one was HCW. The mean time from MMR vaccination 
to rash was 12.2 days (IQR: 11–13 days; n = 6) and the 

mean duration from vaccination to fever was 9.3 days 
(IQR: 8–10 days; n = 6).

Genotyping and sequencing
In 25 of 28 cases, it was possible to genotype the mea-
sles virus strain. All these cases were infected with 
subtype B3. Twenty strains were sequenced, also in the 
hypervariable region (HVR). Eighteen of them clustered 
together on the B3 branch with no or minimal genetic 
distance between the sequences. Two sequences, 
obtained from persons who had been vaccinated 11–13 
days before sampling, clustered with the Priorix vac-
cine strain (Figure 3).

Comparison of clinical parameters between 
subgroups
The clinical presentation in patients with naïve and 
breakthrough infection are compared in  Table 4. All 
cases presented with a maculopapular rash. Cases 
with naïve infections had a generalised rash and a clin-
ical course suggestive of moderate to severe disease, 
whereas breakthrough infections had a mild or moder-
ate rash and symptoms suggestive of mild to moderate 
disease. Six of the 16 breakthrough infections fulfilled 
the EU clinical case definition of a possible case. The 
number of patients with cough was lower in break-
through infections (4/16) compared with naïve infec-
tions (12/12), (p < 0.0001).

Among the patients with naïve infections, one female 
patient developed otitis media 1 week after infection 
and one child developed pneumonia 1 week after infec-
tion; both were treated with antibiotics.

Comparison of laboratory parameters between 
subgroups
As shown in  Table 1  and  2, measles virus RNA was 
detected in nasopharyngeal samples in all 12 patients 
with naïve infections with a median Ct value of 19 (IQR: 
18–22). The Ct values in nasopharyngeal and urine 
samples were lower (indicating higher viral load) in 
subjects with naïve vs breakthrough infections (Figure 

Table 3
Patient characteristics and laboratory results in the six patients with vaccine infection in the Gothenburg area, Sweden, 
December 2017–January 2018 (n = 6)

Patient Age group 
(years)

Days from 
onset of rash to 

sampling
Symptoms IgM IgG (mIU/

mL)

Ct 
value 

NP

Ct 
value 
urine

Ct 
value 
blood

IgM-FU IgG-FU 
(mIU/mL)

29 11–20 0 R F K C Z Neg Neg 32 33 38 Equivocal 2,750
30 31–40 0 R F K Neg Equivocal 32 30 40 Pos 4,027
31 41–50 1 R F C Pos Neg 19 31 38 ND ND
32 51–60 0 R F Neg Neg 32 29 Neg Neg 1,345
33 41–50 1 R F K C Z Neg Neg Neg ND Neg Neg 1,582
34 51–60 1 R F Equivocal Neg 26 Neg 39 ND ND

C: cough; Ct: cycle threshold; F: fever; FU: follow-up visit; K: conjunctivitis; ND: not done; Neg: negative; NP: nasopharyngeal secrete; Pos: 
positive; R: rash; Z: coryza.
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Figure 3
Phylogenetic tree based on maximum likelihood analysis of a 400 nt segment from the hypervariable region of measles 
virus, measles outbreak, Gothenburg, December 2017–January 2018 (n =20)
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The tree includes 20 sequences from samples taken during the measles outbreak in Gothenburg, Sweden and a selection of sequences 
representing different subgenotypes and sampling time points, including viruses identified in Sweden during earlier outbreaks. Bootstrapping 
was done to 500 replicates, using the MEGA7 software. Black filled circles: 18 B3 strains; open circles: two vaccine strains. A distance scale 
bar is included.
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4). Five of 16 breakthrough infections were negative for 
measles RNA in nasopharyngeal samples. IgM and IgG 
levels at first sampling and at FU are presented in Table 
1 and 2. IgG during the symptomatic phase was nega-
tive in all subjects with naïve infections except for 
Patient 12. Two cases with breakthrough infections had 
IgG levels below the cut-off value. Both cases reported 
previous vaccination against measles. 

Avidity of measles virus specific IgG antibodies
Avidity analysis of IgG antibodies was performed on 
all samples where sufficient material was available (16 
acute and 19 follow-up serum samples). All 13 cases 
with breakthrough infections tested had high-avidity 
IgG antibodies in the acute serum sample. Only one 
patient with naïve infection had detectable IgG anti-
bodies in the acute serum sample. These antibodies 
were of low avidity. Results of IgG avidity testing are 
presented in Tables 1 and 2.

Outbreak control measures
All 125 suspected cases of measles underwent clini-
cal evaluation and sampling at Sahlgrenska University 
Hospital. Altogether, ca 3,000 potentially exposed 
individuals were notified by letter or phone call. More 
than 1,000 doses of post-exposure measles vaccine 
and 300 doses of post-exposure immunoglobulin were 
administered according to Swedish recommendations 
[4].

Nine of the 28 confirmed cases were HCW exposed to 
measles through close contact with patients in their 
clinical work and all were breakthrough infections. 
They reported previous measles vaccination (five had 
two and one had at least one documented vaccine 
dose, whereas three reported at least one vaccine dose 
although not documented). We did not identify onward 
transmission from any of the HCW with measles.

Transmission and secondary cases
We identified five cases (all with naïve infections) 
who caused onward transmission (Table 1  and  2). 
Two of these (Patients 1 and 3), both with a high viral 
load in nasopharyngeal samples (Ct values of 18 and 
17, respectively), transmitted measles to 24 persons. 
Fourteen of these 24 transmissions occurred in hospi-
tal settings (Figure 2). We did not identify any onward 
transmission from breakthrough infections.

Discussion
Our observation is in accordance with other recent 
reports of outbreaks in areas with high vaccination cov-
erage [11,25]. We propose that individuals with break-
through infection of measles can be identified with a 
fast provisional classification using routine laboratory 
testing of IgG at or after onset of rash. This was con-
firmed by IgG avidity testing of acute serum samples 
in our study. Earlier reports from outbreaks of measles 
have described breakthrough infections in individuals 
with previous vaccination against measles [5-10,14,26]. 
No onward transmission from breakthrough infections 
was identified in our study. This is in line with other 
reports which also indicate that breakthrough infec-
tions rarely cause onward transmission [13,14]. Cough 
was less common in breakthrough infections which, 
together with lower levels of viral RNA, may explain 
the limited infectiousness of breakthrough infections. 
As far as we know, there are very few published cases 
in which transmission from breakthrough infections is 
likely to have occurred, all after prolonged close con-
tact among household members [13,15]. Rosen et al. 
reported transmission of measles from a twice-vacci-
nated individual but the details in their report suggest 
that their case probably was a primary vaccine failure 
[26].

All but two of our patients with breakthrough infec-
tions had IgG antibody levels at the onset of rash that 
were above the defined protective level, indicating 

Table 4
Clinical characteristics in patients with naïve and breakthrough measles infection in the Gothenburg area, Sweden, 
December 2017–January 2018 (n = 28)

Clinical features

Naïve infection 
 

(n = 12)

Breakthrough infection 
 

(n = 16) p valuea

n % 95% CI n % 95% CI
Fever 12 100 70–100 15 94 68–100 1
Cough 12 100 70–100 4 25 8–53 < 0.0001
Conjunctivitis 5 42 17–71 4 25 8–53 0.4
Coryza 2 17 3–49 1 6 0.3–32 0.6
Sore throat 4 33 11–65 2 13 2–40 0.4
Muscle pain 2 17 3–49 2 13 2–40 1
Itch 1 11 0.4–40 5 31 12–59 0.2

CI: confidence interval.
a Fisher’s exact test.
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pre-existing immunity. In addition, they all developed 
a rapid secondary IgG response. The two patients who 
did not have IgG at the onset of rash had at least one 
documented dose of measles vaccine and both had low 
measles RNA levels as well as a mild clinical course, 
supporting the conclusion that they indeed had break-
through infections.

The reason why some patients with previous vaccina-
tion develop symptomatic infection is not known, but 
the lack of natural boosting in the community might 
be of importance [27]. The viral genotype (B3) and the 
level of exposure could also be contributing factors 
[28]. Nevertheless, the presence of pre-existing immu-
nity probably contributed to a milder clinical course 
compared with patients with naïve infections in our 
study. This is in line with the recent report by Cherry 
et al., who found a milder clinical course in individu-
als with breakthrough measles, especially if they had 
received two or more doses of measles vaccine [13].

PCR has been used for the diagnosis of measles 
since more than a decade [23]. Our data indicate that 
patients with breakthrough infections seem to present 
with lower levels of measles RNA at rash onset, most 
probably because partial immunity reduces viral rep-
lication. By contrast, those with naïve infections seem 
to have a high viral load [18] and are more likely to 
transmit the infection. Even though the measurement 
of measles RNA load is semiquantitative, a Ct value of 
18 in a nasopharyngeal sample, as in the index case in 
the outbreak described here, translates to a viral load 

that is ca 10,000 times greater than that of Ct 32, as in 
the cases with breakthrough infections. Nevertheless, 
Santibanez et al. recently reported, although not pre-
senting Ct values, onward transmission from a break-
through infection to a household member [15]. It is 
noteworthy that two patients in our study transmitted 
the infection to the majority of the other cases in the 
outbreak. Both had very high measles RNA levels in 
nasopharyngeal samples taken at onset of rash, which 
is in line with another recent report [18].

In five of the six cases with vaccine infections, measles 
RNA could be detected in nasopharyngeal samples. 
Interestingly, IgG antibodies were lacking in samples 
taken at the onset of rash, and the severity of symp-
toms was similar or more pronounced than in patients 
with breakthrough infections. It is therefore essen-
tial that, during an ongoing outbreak, information on 
recent MMR vaccination is recorded and that geno-
typing of the detected virus is performed if a vaccine 
infection is suspected [29].

It is not possible to distinguish breakthrough measles 
from naïve infections using clinical criteria. We there-
fore suggest that individuals with and without pre-
existing immunity can and should be identified during 
an outbreak using laboratory criteria. Contact tracing 
around breakthrough infections can, most probably, 
be limited to individuals with prolonged close contact, 
such as household members and especially vulnerable 
individuals, for example patients with immunosup-
pression. We also suggest that healthcare authorities 
review published data on measles breakthrough infec-
tions and take these into account when revising public 
health guidelines.

This study was performed in an area with high vac-
cination coverage and the results may not be repre-
sentative for populations with low immunisation rates 
where naïve infections are predominant. It has several 
limitations. The number of secondary cases may have 
been underestimated as some individuals with mild 
symptoms may have been missed during the outbreak. 
However, we have reason to believe that they were 
few, as the outbreak was widely reported in the media 
and a large number of individuals with mild symptoms 
were sampled and tested for measles. In several of 
the patients with breakthrough infection, the history 
of vaccination relied on self-reporting instead of writ-
ten documentation, which means that there is some 
degree of uncertainty, but in these cases, IgG avidity 
testing and IgG levels in FU samples strongly support 
previous immunisation. Terms like modified mea-
sles, secondary vaccine failure and re-infection after 
remote vaccination have been used by other authors 
to describe breakthrough infections [9,10,22]. We pro-
pose a fast provisional classification, which might pre-
clude comparison with previous reports. However, we 
believe that our classification, which is in line with the 
data presented by Hahne et al. [14], is concise and can 
guide initial decisions during outbreaks of measles.

Figure 4
Cycle threshold values of measles real-time PCR in 
nasopharyngeal (n = 23) and urine samples (n = 21) 
in naïve and breakthrough measles infections in the 
Gothenburg area, Sweden, December 2017–January 2018
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Our proposed application of Ct values also has limi-
tations. Ct values are only an estimate of viral load 
and can be influenced by poor sampling as well as 
differences between assays, such as real-time PCR 
efficiency and Ct value read-out settings. In our expe-
rience, technical issues usually change Ct values only 
by a few cycles, that is, much less than the difference 
in Ct value (10–15 cycles) that we observed between 
patients with high and low viral loads in our study. 
Still, the small number of cases makes it difficult to 
propose universal cut-offs for Ct values to distinguish 
naïve and breakthrough infections or levels that repre-
sent a significant risk of transmission.

Since all cases with breakthrough infection were sam-
pled at or within 4 days after onset of rash we could not 
analyse viral loads in these individuals before onset 
of rash. Likewise, measles IgG levels before expo-
sure in patients with breakthrough infection were not 
available.

Conclusion
We show that there was a large difference in viral load 
in nasopharyngeal samples between patients with 
naïve and breakthrough infections of measles, and our 
results indicate that a high risk of onward transmis-
sion is confined to naïve infections. We propose a fast 
provisional classification of breakthrough measles that 
can guide contact tracing in outbreak settings.

Conflict of interest

None declared.

Authors’ contributions
Nicklas Sundell, Leif Dotevall, Martina Sansone, Thomas 
Wahlberg, Magnus Lindh, Johan Westin, Marie Studahl, 
Tobias Tyberg, Tomas Bergström, Jan-Åke Liljeqvist and Lars-
Magnus Andersson participated in study design, data collec-
tion, data analysis and writing of the manuscript.

Maria Andersson, Tomas Bergström, Jan-Åke Liljeqvist and 
Magnus Lindh did the laboratory work and analysis of viral 
sequences.

All authors read and approved the final version of the 
manuscript.

References
1.	 Orenstein WA, Papania MJ, Wharton ME. Measles elimination 

in the United States. J Infect Dis. 2004;189(s1) Suppl 1;S1-3.  
https://doi.org/10.1086/377693  PMID: 15106120 

2.	 Peltola H, Heinonen OP, Valle M, Paunio M, Virtanen M, 
Karanko V, et al. The elimination of indigenous measles, 
mumps, and rubella from Finland by a 12-year, two-dose 
vaccination program. N Engl J Med. 1994;331(21):1397-402.  
https://doi.org/10.1056/NEJM199411243312101  PMID: 7969278 

3.	 Hallander H, Andersson M, Advani R, Brytting M, 
Lepp T, Ljungman M, et al. Vaccinationsuppföljning. 
Seroepidemiologisk tvärsnittsstudie 2007. [Vaccination follow-
up. Sero-epidemiological cross-sectional study 2007]. Solna: 
Swedish Institute for Infectious Disease Control (The Public 

Health Agency of Sweden from 1 January 2014); 2007. Available 
from: https://www.folkhalsomyndigheten.se/contentassets/8
1a1221e506b43ee980a851034b8aefa/vaccinationsuppfoljning-
seroepidemiologisk-tvarsnittsstudie-2007.pdf

4.	 National Board of Health and Welfare (Socialstyrelsen). 
National plan of action to prevent the spread of measles 
and rubella. Stockholm: Socialstyrelsen; 2014. Available 
from: www.folkhalsomyndigheten.se/contentassets/
aecc5ced8d4d4cc8b2ad184d2180bf1f/national-plan-of-action-
to-prevent-the-spread-of-measles-and-rubella.pdf

5.	 Ammari LK, Bell LM, Hodinka RL. Secondary measles vaccine 
failure in healthcare workers exposed to infected patients. 
Infect Control Hosp Epidemiol. 1993;14(2):81-6.  https://doi.
org/10.2307/30147165  PMID: 8440884 

6.	 Atrasheuskaya AV, Kulak MV, Neverov AA, Rubin S, Ignatyev 
GM. Measles cases in highly vaccinated population of 
Novosibirsk, Russia, 2000-2005. Vaccine. 2008;26(17):2111-
8.  https://doi.org/10.1016/j.vaccine.2008.02.028  PMID: 
18343536 

7.	 Coleman KP, Markey PG. Measles transmission in 
immunized and partially immunized air travellers. Epidemiol 
Infect. 2010;138(7):1012-5.  https://doi.org/10.1017/
S0950268809991129  PMID: 19878613 

8.	 Edmonson MB, Addiss DG, McPherson JT, Berg JL, Circo SR, 
Davis JP. Mild measles and secondary vaccine failure during 
a sustained outbreak in a highly vaccinated population. 
JAMA. 1990;263(18):2467-71.  https://doi.org/10.1001/
jama.1990.03440180073035  PMID: 2278542 

9.	 Hickman CJ, Hyde TB, Sowers SB, Mercader S, McGrew M, 
Williams NJ, et al. Laboratory characterization of measles 
virus infection in previously vaccinated and unvaccinated 
individuals. J Infect Dis. 2011;204(Suppl 1):S549-58.  https://
doi.org/10.1093/infdis/jir106  PMID: 21666212 

10.	 Rota JS, Hickman CJ, Sowers SB, Rota PA, Mercader S, Bellini 
WJ. Two case studies of modified measles in vaccinated 
physicians exposed to primary measles cases: high risk 
of infection but low risk of transmission. J Infect Dis. 
2011;204(Suppl 1):S559-63.  https://doi.org/10.1093/infdis/
jir098  PMID: 21666213 

11.	 Augusto GF, Cruz D, Silva A, Pereira N, Aguiar B, Leça A, 
et al. Challenging measles case definition: three measles 
outbreaks in three Health Regions of Portugal, February to 
April 2018. Euro Surveill. 2018;23(28):1800328.  https://
doi.org/10.2807/1560-7917.ES.2018.23.28.1800328  PMID: 
30017024 

12.	 Althaus CL, Salathé M. Measles vaccination coverage 
and cases among vaccinated persons. Emerg Infect Dis. 
2015;21(8):1480-1.  https://doi.org/10.3201/eid2108.150284  
PMID: 26196331 

13.	 Cherry JD, Zahn M. Clinical characteristics of measles in 
previously vaccinated and unvaccinated patients in California. 
Clin Infect Dis. 2018;67(9):1315-9.  https://doi.org/10.1093/cid/
ciy286  PMID: 29878209 

14.	 Hahné SJ, Nic Lochlainn LM, van Burgel ND, Kerkhof J, Sane J, 
Yap KB, et al. Measles outbreak among previously immunized 
healthcare workers, the Netherlands, 2014. J Infect Dis. 
2016;214(12):1980-6.  https://doi.org/10.1093/infdis/jiw480  
PMID: 27923955 

15.	 Santibanez S, Prosenc K, Lohr D, Pfaff G, Jordan Markocic 
O, Mankertz A. Measles virus spread initiated at 
international mass gatherings in Europe, 2011. Euro Surveill. 
2014;19(35):20891.  https://doi.org/10.2807/1560-7917.
ES2014.19.35.20891  PMID: 25210982 

16.	 Amirthalingam G, Brown K, le Polain O, Ramsay M. PHE 
National Measles Guidelines (August2017). London: Public 
Health England; 2017. Available from: https://assets.
publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/637338/PHE_Measles_
guidance_August_2017.pdf

17.	 Oliveira SA, Siqueira MM, Camacho LA, Castro-Silva R, Bruno 
BF, Cohen BJ. Use of RT-PCR on oral fluid samples to assist 
the identification of measles cases during an outbreak. 
Epidemiol Infect. 2003;130(1):101-6.  https://doi.org/10.1017/
S0950268802007963  PMID: 12613751 

18.	 Seto J, Ikeda T, Tanaka S, Komabayashi K, Matoba Y, Suzuki 
Y, et al. Detection of modified measles and super-spreader 
using a real-time reverse transcription PCR in the largest 
measles outbreak, Yamagata, Japan, 2017 in its elimination 
era. Epidemiol Infect. 2018;146(13):1707-13.  https://doi.
org/10.1017/S095026881800211X  PMID: 30081972 

19.	 Mercader S, Garcia P, Bellini WJ. Measles virus IgG avidity 
assay for use in classification of measles vaccine failure 
in measles elimination settings. Clin Vaccine Immunol. 
2012;19(11):1810-7.  https://doi.org/10.1128/CVI.00406-12  
PMID: 22971778 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2019.24.17.1900114&domain=pdf&date_stamp=2019-04-25


11www.eurosurveillance.org

20.	 Sowers SB, Rota JS, Hickman CJ, Mercader S, Redd S, 
McNall RJ, et al. High concentrations of measles neutralizing 
antibodies and high-avidity measles IgG accurately 
identify measles reinfection cases. Clin Vaccine Immunol. 
2016;23(8):707-16.  https://doi.org/10.1128/CVI.00268-16  
PMID: 27335386 

21.	 European Commission. Commission Implementing Decision 
of 8 August 2012 amending Decision 2002/253/EC laying 
down case definitions for reporting communicable diseases 
to the Community network under Decision No 2119/98/EC of 
the European Parliament and of the Council. Luxembourg: 
Publication Office of the European Union; 2012. Available from: 
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ%3AL%
3A2012%3A262%3ATOC

22.	 World Health Organization (WHO). Manual for the laboratory-
based surveillance of measles, rubella, and congenital rubella 
syndrome. Geneva: WHO; 2018. Available from: www.who.int/
immunization/monitoring_surveillance/burden/laboratory/
manual/en/

23.	 Hummel KB, Lowe L, Bellini WJ, Rota PA. Development of 
quantitative gene-specific real-time RT-PCR assays for the 
detection of measles virus in clinical specimens. J Virol 
Methods. 2006;132(1-2):166-73.  https://doi.org/10.1016/j.
jviromet.2005.10.006  PMID: 16274752 

24.	Kumar S, Stecher G, Tamura K. MEGA7: Molecular evolutionary 
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol. 
2016;33(7):1870-4.  https://doi.org/10.1093/molbev/msw054  
PMID: 27004904 

25.	 Augusto GF, Silva A, Pereira N, Fernandes T, Leça A, 
Valente P, et al. Report of simultaneous measles outbreaks 
in two different health regions in Portugal, February to 
May 2017: lessons learnt and upcoming challenges. Euro 
Surveill. 2019;24(3).  https://doi.org/10.2807/1560-7917.
ES.2019.24.3.1800026  PMID: 30670145 

26.	 Rosen JB, Rota JS, Hickman CJ, Sowers SB, Mercader S, Rota 
PA, et al. Outbreak of measles among persons with prior 
evidence of immunity, New York City, 2011. Clin Infect Dis. 
2014;58(9):1205-10.  https://doi.org/10.1093/cid/ciu105  PMID: 
24585562 

27.	 Mossong J, Muller CP. Modelling measles re-emergence as 
a result of waning of immunity in vaccinated populations. 
Vaccine. 2003;21(31):4597-603.  https://doi.org/10.1016/
S0264-410X(03)00449-3  PMID: 14575773 

28.	Ackley SF, Hacker JK, Enanoria WTA, Worden L, Blumberg S, 
Porco TC, et al. Genotype-specific measles transmissibility: a 
branching process analysis. Clin Infect Dis. 2018;66(8):1270-5.  
https://doi.org/10.1093/cid/cix974  PMID: 29228134 

29.	 Xu CP, Li MH, He HQ, Lu YY, Feng Y. Laboratory diagnosis of 
vaccine-associated measles in Zhejiang Province, China. J 
Microbiol Immunol Infect. 2017;50(5):578-85.  https://doi.
org/10.1016/j.jmii.2015.10.004  PMID: 26698687

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2019.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2019.24.17.1900114&domain=pdf&date_stamp=2019-04-25

