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Particle Constituents and Oxidative Potential: Insights into
Differential Fine Particulate Matter Toxicity

The association between fine particulate matter (PM2.5) and
morbidity and mortality differ widely between and within regions
(1–4). It is expected that differences in PM2.5 composition play a role
in the observed differences by modifying the effects of PM2.5 on
various biological processes (5). However, there is currently scarce
evidence about which components have stronger impacts or health
effects (6). It has been hypothesized that constituents that contribute
to the oxidative potential (the ability of particles to generate reactive
oxygen species by consumption of antioxidants and/or generation
of oxidants) are likely to drive many of the observed health effects.
Metals from various sources, including traffic and industrial
emissions, are likely an important part of the oxidative potential (7).
Furthermore, it’s also important to consider the influence of sulfate in
the toxicity of particles because sulfate found in PM2.5 facilitates the
dissolution of metals, and solubility is an important determinant of
particle oxidative potential (8).

The effects of air pollutants on children’s respiratory health have
been a focus of research for several decades (3, 4, 9). However, spatial
and temporal misalignment in studies of environmental exposures
(i.e., measuring a toxicant at a point in space as a weekly aggregate
with daily changes in health) can bias the estimation of health
risk (10, 11). The development of methods for processing
large numbers of samples with low limits of detection, as well as
methods to measure the oxidative potential of particles, allows the
identification of PM constituents with a time resolution more suitable
for the assessment of temporal changes in health effects. However,
because of the cost of these analyses, data availability is still low
compared with measurements for regulated pollutants (e.g., criteria
air pollutants in the United States).

In this issue of the Journal, the paper by Korsiak and colleagues
(pp. 1370–1378) provides evidence that associations between short-
term PM2.5 mass concentration and respiratory hospitalizations in
children are modified by metal and sulfur content in PM2.5, as well as
particle oxidative potential (12).

Two major strengths of this study are the large sample size of
10,500 children across 34 Canadian cities and the time-stratified
case-crossover design that allowed time-invariant factors (e.g., sex)
or factors that do not vary within subjects over short periods of
time (e.g., age and body mass index) to be controlled for by design
(13, 14). The time-stratified case-crossover design provides an
alternative to conventional time series regression for analyzing
associations between time series of environmental exposures (air
pollution and weather) and counts of health outcomes (15).
Another important strength of the Korsiak study is the 2-week per
month periodicity of PM2.5 samples that were collected in each of
the cities and analyzed for metals, sulfur, and oxidative potential
(Figure 1), accounting for some of the temporal variability in PM2.5

composition over time.
A novel contribution to the field is the integrative analysis of

the different PM constituents and oxidative potential using 2-week
integrated filters each month. These analyses are likely too time-
consuming and costly to be repeated in similarly large studies but can
be useful tools to assess the toxicity of PM2.5 in more polluted regions
of the world. It is likely that 2-week integrated samples were needed
to capture enoughmass for the Korsiak study, given the low ambient
concentrations found in Canada, but it is unclear how rapidly metal
concentrations or oxidative potential may change within this 2-week
period or if the 2-week period is representative of the full month.
More frequent filter samples can likely be collected in regions with
higher PM2.5 concentrations, providing higher time resolution that
reflects the daily variability in PM2.5 sources depending on airmass
transport and can be better matched to acute health effect
measurements.

Interestingly, there was a relatively low correlation between the
three metrics of oxidative potential measured (particularly the DDT
assay (dithiothreitol) with the other two assays). Although these
different metrics can have a variable response to the different PM
constituents, it is still not clear which metric should be prioritized for
health research. It is possible that the low PM2.5 concentrations
observed in Canada make it difficult to distinguish between these
different metrics, and this remains an important area for future
research.

Limitations of the study include that the study was conducted in
Canada, where PM2.5 concentrations are low compared with much of
the world. Ozone concentrations are also quite low year-round in
Canada (75th percentile below 30 ppb in both seasons). Thus, there
was a small range of exposures considered in the study, and metal
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concentrations tended to be correlated, limiting the ability to assign
exposures to specific sources. Second, the authors did not consider
a cumulative metric accounting for the various metals measured
in their study. This may be because they only had a chemical
composition as a 2-week average per month when the analysis was a
time-series study with exposures corresponding to the day before the
outcome. Another important limitation is the time-intensive and
costly sample collection and analyses performed, which still only
allowed 2-week averages per month.

The findings from the study by Korsiak and colleagues provide
important insight into certain PM components and oxidative
characteristics that may contribute to the differential toxicity of PM2.5

found across space and time. However, more work is needed to
prioritize the metrics provided and incorporate additional
components to understand the health effects of PM2.5 constituents,
especially given common sources and correlations among
components.�
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An Experimental Human Colonization Model with Pneumococcal
Serotype 3 has the Potential to be Used for Vaccine Studies

Pneumococcal infections are major contributors to morbidity
and mortality worldwide, while being major causes of respiratory
tract infections such as otitis, sinusitis, and community-acquired
pneumonia with or without septicemia, and of meningitis (1, 2).
Streptococcus pneumoniae (the pneumococcus) is a human
specific pathogen, and a prerequisite for disease is pneumococcal
colonization of the upper respiratory tract. Pneumococci can be
divided into at least 100 different capsular serotypes (3).
Pneumococcal conjugate vaccines (PCVs), targeting up to 13 of
these capsules, have been introduced in the childhood
vaccination program in many countries, leading to a dramatic
decrease of invasive pneumococcal disease (IPD) in vaccinated
children (4–6). Most serotypes covered by the PCVs have
decreased postvaccine introduction, but concurrently
non-PCV13 types have increased also in nonvaccinated age
groups such as the elderly, and non-PCV13 serotypes now
dominate in both invasive disease and carriage in several studies
(5–8). However, no large reductions have been observed for the
vaccine serotype 3, targeted by PCV13 (7, 9). Serotype 3 is an
important prominent serotype that has been associated with
high mortality (2, 10). Interestingly, pneumococcal capsules of
serotypes 3 and 37 are anchored to the cell wall differently than
other serotypes, and as a consequence, serotype 3 bacteria are
fully covered by its capsular polysaccharide 3 (CPS3) that
prevents phagocytosis (11). At the same time, the bacteria release
large quantities of CPS3 antigen, potentially binding to available
CPS3 antibodies (12). It is likely, but not proven, that this could
be one explanation for the inability of PCV13 to give the required
protection against IPD caused by serotype 3. In the current study,
the authors have set up a pneumococcal human carriage model
for studies of serotype 3 using a similar set up as they previously
published for serotype 6B (13). This model will be important for
increasing our knowledge on serotype 3 in humans, but also for
future vaccine studies, especially considering that carriage may
be used as a substitute for IPD.

In this issue of the Journal (pp. 1379–1392), 96 healthy
volunteers with a median age of 21 years, without risk factors,
were challenged with pneumococci of serotype 3 in escalating
doses (14). Since most serotype 3 pneumococci belong to the
clonal cluster CC180, the authors used three different serotype
3 strains, belonging to clades 1a, II, and no clade, of CC180. This
seems appropriate, since prior to vaccine introduction clade Ia
and 1b dominated, but following PCV introduction, whole
genome sequencing has demonstrated that a clade II lineage
expanded in carriage and IPD. Underlying mechanisms for the
expansion of clade II is unknown. However, a sequence variant
in the galU gene, encoding a key enzyme for CPS3 biosynthesis,
was found among all clade II isolates (15). The participants were
inoculated with four different doses with a maximum of 20,000
CFU/100 μl per nostril for the no clade strain, and up to 160,000
CFU/100 μl per nostril for the other two strains. Nasal washes
were taken from the participants at Day 2, 7, and 14 postinfection
and they identified carriage using culture and molecular
methods. Carriage was successfully obtained in 33 (34.4%)
participants that were culture positive at Day 2, of which 7 (21.
2%) were administered antibiotics early and were terminated
from the study. A total of 88.5% (23/26) of those that were
colonized on Day 2 remained culture positive on Day 14. The
recovered bacterial densities were comparable between the three
strains. These data are promising and suggest that the challenge
strains can be used to study colonization in the same way as in
the serotype 6B model. The immune responses were also
analyzed and compared with the serotype 6B strain used in the
previously published human model (13). The cytokine
expression was found to vary depending on the serotype of the
challenge strain and the inoculum dose. No differences were seen
in IgG fold changes between the three serotype 3 stains and the
levels were comparable with those induced by serotype 6B. IgA
and IgM were not measured and would be interesting to study in
future studies.

Symptoms were reported daily, and 30.2% (29/96) of the
participants experienced mild symptoms from the respiratory tract,
with higher frequencies in colonized (52.6% [20/38]) versus
noncolonized (15.5% [9/58]) individuals. A total of 24 out of 29
(82.8%) had a sore throat, which might be a bit unexpected and
warrants further investigation in future studies. One participant got
an otitis media already on Day 1 and was administered antibiotics.
Most symptoms were reported within 7 days and were mild or
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