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Technical Appendix

Expanded Description of Methods

Study Population

Our prospective cohort study (RESPIRA-PERU) (1,2) was designed to examine the
epidemiology and etiology of acute respiratory illness (ARI) in children <3 years old in the
District of San Marcos, Cajamarca, Peru. The local population is mostly low income, living in
rural communities with limited access to healthcare (1). The 7-valent pneumococcal conjugate
vaccine (PCV7) was initially introduced into the communities in late 2009, and uptake slowly
increased throughout the study period. This study was approved by the institutional review
boards of Vanderbilt University (Nashville, TN, USA) and the Instituto de Investigacion

Nutricional (Lima, Peru).

Weekly Household Visits

In the RESPIRA-PERU study, local field workers were trained to interview parents about
respiratory signs and symptoms of respiratory illness based on the Integrated Management of
Childhood IlIness (IMCI-WHO) protocol (3,4). For this study, an ARI episode was defined as
the period of time a child had either cough or fever (5,6). If ill at the time of the weekly
household visit, the presence of IMCI-WHO pneumonia danger signs (inability to drink or
breastfeed, persistent vomiting, convulsions, lethargy, unconsciousness, stridor, severe
malnutrition) or signs of lower respiratory tract infection (tachypnea, audible wheezing, chest

retractions, grunting, nasal flaring, stridor, or cyanosis) was assessed (4,5).
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Respiratory Samples

Nasal swabs were collected for each ARI episode (through 7 days after symptom
resolution), and processed as previously described (6,7). Samples were shipped to VVanderbilt
University for detection of influenza viruses, respiratory syncytial virus, human
metapneumovirus, rhinovirus, adenovirus, and parainfluenza viruses by real-time reverse
transcription PCR (RT-PCR) (6,8-10). Monthly nasopharyngeal (NP) samples were collected
according to WHO guidelines (11,12), transported in 1 mL of skim milk-tryptone-glucose-
glycerine (STGG) medium and frozen in the media at —70°C. Analyses at Emory University
(Atlanta, GA< USA) included culture and DNA extraction from Streptococcus pneumoniae
isolates and NP specimens using a QIAamp DNA Mini Kit (QIAGEN, Valencia, CA).
Colonization density was determined using a targeted IytA gene real-time quantitative PCR
(gPCR)(13,14). Pneumococcal colonization density (CFU/mL) was quantified using purified
genomic DNA from S. pneumoniae reference strain TIGR4 and serially diluted 10-fold to
prepare standards (4 x 10° to 4 x 10% CFU) (14). Standards were run along with DNA from NP
samples in a CFX96 real-time PCR detection system (Bio-Rad, Hercules, CA) using the software
Bio-Rad CFX manager (14). Pneumococcal serotyping was performed by multiplex PCR
(13,15,16). We used samples collected in 2009 and 2011, representing the time periods before

and after routine use of PCV7 in the study communities, respectively (17).

ARI and Peri-ARI Periods

The duration of an ARI episode was defined as the number of days a child had either
cough or fever (5,6). We defined peri-ARI periods including 8-14 days pre-ARI, 1-7 days pre-
ARI, 1-7 days post-ARI and 8-14 days post-ARI. Samples collected outside the above
categories were classified as non-ARI. When a sample met criteria for >1 category because it

was collected between 2 ARIs, it was classified relative to the closest ARI.

Patterns of Pneumococcal Serotype Acquisition

A secondary analysis included all pneumococcal-positive samples in which there was a
previous NP sample within 60 days. When the previous sample was gPCR negative, the current
sample was classified as new colonization. When the previous sample was qPCR positive, the
current sample was classified as persistence if the serotype was the same, or as replacement if a
different serotype was detected. If either serotype was nontypeable or unknown, then the pattern

was considered undetermined. Unknown refers to those samples for which the serotyping
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reactions were inconclusive. Some samples that are lytA positive may contain insufficient

pneumococcal material for the multiplex PCR reactions to test positively for any serotype.

Statistical Analyses

We compared pneumococcal NP densities during ARI, peri-ARI, and non-ARI periods.
Bacterial densities were presented on a logarithmic scale. To retain the samples with zero
density, we applied a logio(x+1) transformation, where x represents the measured density. The
median density was chosen as the most appropriate measure of central tendency as it is more
robust to extreme values. Due to the persistent non-normal distribution of the transformed
values, we used multivariable quantile regression to investigate the relationship between the log-
transformed pneumococcal densities, periods of observation and relevant covariates. These
covariates included sex, age, daycare attendance, electricity, water supply, housing materials,
kitchen type, smokers at home, vaccination, antimicrobial drug use, season, and altitude. We
used a restricted cubic spline function to allow for nonlinear effects of age in the model. Since a
child could contribute >1 sample for our analyses, we accounted for this correlation of
observations by calculating robust SEs using the Huber-White Sandwich variance estimator. The
median pneumococcal densities for comparison groups were calculated using adjusted
predictions from the respective quantile regression models, while integrating the influence of
other model parameters. For post hoc comparisons of adjusted densities between the non-ARI
and the ARI periods, we conservatively applied a Bonferroni correction to the type I error (5

comparisons, and a corrected p<0.01 to define statistical significance).

We conducted secondary analyses to assess the role of respiratory viruses on
pneumococcal density, restricting the analysis to samples collected during ARI or post-ARI
periods. Given that rhinoviruses were commonly detected but other viruses were less frequently
detected, samples were classified into 4 mutually exclusive groups: 1) positive for rhinovirus
only, 2) positive for rhinovirus and other viruses, 3) positive for other viruses only; and 4)
negative for any viruses. Another secondary analysis examined the role of the previously
described patterns of pneumococcal serotype acquisition on pneumococcal density. For all
secondary analyses, we used multivariate quantile regression models to account for covariates.

Stata® version 14.0 was used for all statistical analyses (StataCorp, College Station, TX, USA).
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Expanded Description of Results

Summary of Enrollment and Surveillance in Parent RESPIRA-Peru Study

Enrollment and surveillance in the RESPIRA-Peru study have been described elsewhere
(2). In brief, during May 2009-September 2011, a total of 892 children were enrolled, 55,661
household visits were scheduled, 89% were executed (i.e., field workers reached their target
households), and 79% were successfully completed (i.e., information was collected during the
visit). A total of 4,655 nasal and 10,722 NP swabs were collected. Collection of NP swabs was

completed in 88% of scheduled collections.

Additional Details on Pneumococcal Density Assessments

The unadjusted log-transformed pneumococcal densities are shown for each period in
Technical Appendix Figure. In unadjusted analysis, the median NP density during the non-ARI
periods (3.71, IQR 0.00-5.59) was statistically lower than the 1-7 days pre-ARI (4.42, IQR
2.72-5.86; p<0.001), the ARI period (4.49, IQR 3.04-5.95; p<0.001), and 1-7 days post-ARI
(4.48, IQR 0.00-5.79; p = 0.002) periods.

In the multivariable quantile regression model that examined the association between
ARI study periods and pneumococcal density, season was significantly associated with median
pneumococcal density. Spring (October, November) 2009, Fall (May, June) 2011, and Winter
(July, August, September) 2011 were associated with elevated density compared to Fall 2009
and Winter 2009. Housing characteristics (including running water, electricity, and sewage
system), PCV7 vaccination, health facility visits, antimicrobial drug use and the presence of
smokers in the home did not have statistically significant associations with median

pneumococcal density.
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Technical Appendix Table 1. Viral detections in nasal swab samples*

Virus No. Nasal swab samples, %
Rhinovirus 257 51.2
Adenovirus 84 16.7
Influenza 46 9.2
Parainfluenza 1-3 42 8.4
Respiratory syncytial virus 40 8.0
Human metapneumovirus 33 6.6

*Some samples had >1 virus detected.
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Technical Appendix Table 2. Pneumococcal serotype detections in NP swab samples*

Serotype No. NP swab samples, %
1 4 0.2
10A 87 4.3
10F/10C/33C 14 0.7
11A 102 5.0
11A/11D 53 2.6
12F 2 0.1
13 51 25
14 49 2.4
15A 38 1.9
15A/15F 22 11
15B 37 18
15B/15C 31 15
15C 38 1.9
16F 15 0.7
17F 26 1.3
18A 1 0.1
18A/18B/18C 8 0.4
18A/18B/18C/18F 8 0.4
18C 9 0.4
19A 61 3.0
19F 159 7.8
2 1 0.1
20 6 0.3
21 16 0.8
22A 3 0.2
22F 16 0.8
22F/22A 8 0.4
23A 25 1.2
23B 57 2.8
23F 138 6.8
24A/24B/24F 6 0.3
25F 1 0.1
28A 7 0.3
3 29 1.4
31 6 0.3
33A/33F/37 8 0.4
33B 7 0.3
33B/33D 2 0.1
33F 10 0.5
34 22 11
35A 16 0.8
35A/35C/42 18 0.9
35B 29 1.4
35C 1 0.1
35F 27 1.3
35F/47F 21 1.0
38/25F 7 0.3
39 3 0.2
4 16 0.8
5 2 0.1
6A 42 2.1
6A/6B 51 25
6A/6B/6C 69 3.4
6B 111 5.4
6C 127 6.2
6D 5 0.2
7B/7C/40 11 0.5
7C 27 1.3
7F 5 0.2
8 3 0.2
9A 3 0.2
9A/9V 13 0.6
9L/9N 10 0.5
9N 1 0.1
9V 12 0.6
NT 229 11.2
Total 2,042 100

*When serotyping reactions were unable to differentiate between >2 serotypes, the multiple serotypes are reported. NP, nasopharyngeal.
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Technical Appendix Figure. Pneumococcal densities for each acute respiratory illness (ARI) period.
Each circle represents a single bacterial density measurement. The median for the samples of each
period is represented by a red line. *Significantly different from ARI samples. tSignificantly different from

non-ARI samples.
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