Supplementary Materials

Case residences and PCV13 coverage survey locations

Supplementary Table 1 Reasons for not undertaking community PCV13 coverage surveys among cases stratified by PCV13 vaccination status

	Reason survey was not undertaken
	
	PCV13 vaccination status of cases

	
	All children

n =342
	Under-vaccinateda

n =163
	Vaccinatedb

n =170
	Missing vaccination status

n =9

	
	n/N (%)
	n/N (%)
	n/N (%)
	

	Community obligations

Community refusal

Death in the community

Driving distance >1 hour

Election-related issue

Limited or no road access

No one came

Only family in their hamlet

Reason unknown

Survey at the same location within 1 month

Walking distance > 10 minutes

Wrong address
	38 (11.1)

96 (28.0)

2 (0.6)

23 (6.7)

2 (0.6)

25 (7.3)

1 (0.30)

2 (0.9)

19 (5.5)

18 (5.3)

16 (4.7)

100 (29.2)
	14 (8.6)

39 (23.9)

1 (0.6)

11 (6.8)

1 (0.6)

19 (11.7)

0 (0.0)

1 (0.6)

10 (6.1)

6 (3.7)

10 (6.1)

51 (31.3)
	24 (14.1)

53 (31.2)

1 (0.6)

11 (6.5)

1 (0.6)

4 (2.4)

1 (0.6)

1 (0.6)

9 (5.3)

12 (7.1)

6 (3.5)

47 (27.6)
	0 (0.0)

4 (44.4)

0 (0.0)

1 (11.1)

0 (0.0)

2 (22.2)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

2 (22.2)


Abbreviations: PCV13, thirteen-valent pneumococcal conjugate vaccine; Footnotes: a Under-vaccinated is one dose of PCV13 given before the age of 12 months, or no doses of PCV13 given before or after 12 months of age22
; a Vaccinated is two doses of PCV13 given before the age of 12 months, or one or more doses of PCV13 given at or after 12 months of age22

Supplementary Table 2 Villages and hamlets included in the study by case and community PCV13 coverage survey 

	Village or Hamlet name
	Cases and/or community PCV13 coverage survey location

	4 Mile
	Community PCV13 coverage surveys only

	5 Mile
	Cases & community PCV13 coverage surveys

	6 Mile
	Cases & community PCV13 coverage surveys

	7 Mile
	Cases & community PCV13 coverage surveys

	Akameku
	Cases & community PCV13 coverage surveys

	Alenupa
	Cases & community PCV13 coverage surveys

	Apatoga
	Cases & community PCV13 coverage surveys

	Apoga
	Cases & community PCV13 coverage surveys

	Arabika Street
	Cases & community PCV13 coverage surveys

	Aratiyufa
	Cases & community PCV13 coverage surveys

	Arikayufa
	Cases & community PCV13 coverage surveys

	Arufa
	Cases & community PCV13 coverage surveys

	Asaro
	Cases & community PCV13 coverage surveys

	Asaroka
	Cases & community PCV13 coverage surveys

	Asaroyufa
	Cases & community PCV13 coverage surveys

	Ato Market
	Cases & community PCV13 coverage surveys

	Basis
	Cases & community PCV13 coverage surveys

	Bena
	Cases & community PCV13 coverage surveys

	Bena Bridge
	Cases only

	Bihute
	Cases & community PCV13 coverage surveys

	Daulo Pass
	Cases & community PCV13 coverage surveys

	Faniufa
	Cases & community PCV13 coverage surveys

	Fayantina
	Cases & community PCV13 coverage surveys

	Fimito
	Cases & community PCV13 coverage surveys

	Forapi
	Cases & community PCV13 coverage surveys

	Fore
	Cases & community PCV13 coverage surveys

	Furiri
	Cases only

	Gepaxnagami
	Community PCV13 coverage surveys only

	Getuaroka
	Community PCV13 coverage surveys only

	Gimisave
	Cases only

	Ginitoka
	Cases & community PCV13 coverage surveys

	Gorohanota
	Community PCV13 coverage surveys only

	Goroka
	Community PCV13 coverage surveys only

	Goroka Urban
	Cases & community PCV13 coverage surveys

	Gotomi
	Cases & community PCV13 coverage surveys

	Haga
	Community PCV13 coverage surveys only

	Hagauro
	Cases & community PCV13 coverage surveys

	Haguragawe
	Cases only

	Hairo-Hila
	Cases & community PCV13 coverage surveys

	Hapatoga
	Cases & community PCV13 coverage surveys

	Hazafaga
	Cases & community PCV13 coverage surveys

	Hegu
	Cases & community PCV13 coverage surveys

	Hemegave
	Community PCV13 coverage surveys only

	Henganofi Station
	Cases only

	Hira
	Cases & community PCV13 coverage surveys

	Hiro
	Cases & community PCV13 coverage surveys

	Hofaga
	Cases & community PCV13 coverage surveys

	Hubagupi
	Cases only

	Ifiufa
	Cases & community PCV13 coverage surveys

	Isafetigu
	Cases only

	Kabiufa
	Cases & community PCV13 coverage surveys

	Kabiufa #2
	Cases & community PCV13 coverage surveys

	Kafana
	Cases & community PCV13 coverage surveys

	Kafana / Fimito
	Community PCV13 coverage surveys only

	Kafetugu
	Community PCV13 coverage surveys only

	Kaforuga
	Community PCV13 coverage surveys only

	Kafuku
	Cases & community PCV13 coverage surveys

	Kafuluga
	Community PCV13 coverage surveys only

	Kaiyufa
	Cases & community PCV13 coverage surveys

	Kama
	Cases & community PCV13 coverage surveys

	Kamaiyufa
	Cases only

	Kamaliki
	Cases & community PCV13 coverage surveys

	Kamano
	Cases & community PCV13 coverage surveys

	Kamayufa
	Community PCV13 coverage surveys only

	Kamegu
	Cases only

	Kamex
	Community PCV13 coverage surveys only

	Kami
	Cases & community PCV13 coverage surveys

	Kamusi
	Cases & community PCV13 coverage surveys

	Kapokamarigi
	Community PCV13 coverage surveys only

	Kasena
	Cases & community PCV13 coverage surveys

	Katagu
	Cases & community PCV13 coverage surveys

	Ke'afu
	Cases & community PCV13 coverage surveys

	Kefamo
	Cases & community PCV13 coverage surveys

	Kefere
	Cases & community PCV13 coverage surveys

	Kenemaro
	Cases & community PCV13 coverage surveys

	Kesawaka
	Cases & community PCV13 coverage surveys

	Ketarobo
	Cases & community PCV13 coverage surveys

	Kimisave
	Community PCV13 coverage surveys only

	Kimiyau
	Community PCV13 coverage surveys only

	Kintunu
	Cases & community PCV13 coverage surveys

	Kofika
	Cases & community PCV13 coverage surveys

	Kofika #1
	Cases only

	Kofika #2
	Cases & community PCV13 coverage surveys

	Kofika #3
	Cases & community PCV13 coverage surveys

	Kofoiyufa
	Cases & community PCV13 coverage surveys

	Kokinaga
	Cases & community PCV13 coverage surveys

	Komegu
	Cases & community PCV13 coverage surveys

	Kominive
	Cases & community PCV13 coverage surveys

	Komiufa
	Cases & community PCV13 coverage surveys

	Komiufa #2
	Cases only

	Komu
	Cases & community PCV13 coverage surveys

	Kongi
	Cases & community PCV13 coverage surveys

	Korepa
	Cases & community PCV13 coverage surveys

	Korepa Station
	Cases only

	Koritafa
	Cases & community PCV13 coverage surveys

	Korofegu
	Cases & community PCV13 coverage surveys

	Korofegu / Nupaha
	Community PCV13 coverage surveys only

	Koropa Station
	Community PCV13 coverage surveys only

	Kororomeka
	Cases & community PCV13 coverage surveys

	Korowa
	Community PCV13 coverage surveys only

	Kotuni
	Cases & community PCV13 coverage surveys

	Kuka
	Cases & community PCV13 coverage surveys

	Kuru
	Cases only

	Lakato
	Cases & community PCV13 coverage surveys

	Lapegu
	Cases & community PCV13 coverage surveys

	Lapilo
	Cases & community PCV13 coverage surveys

	Lopi
	Community PCV13 coverage surveys only

	Luhuka
	Cases & community PCV13 coverage surveys

	Lulabe
	Community PCV13 coverage surveys only

	Lusaroka
	Cases & community PCV13 coverage surveys

	Makia
	Cases & community PCV13 coverage surveys

	Mando
	Cases & community PCV13 coverage surveys

	Masilakayufa
	Cases & community PCV13 coverage surveys

	Masumave
	Cases & community PCV13 coverage surveys

	Matox
	Cases & community PCV13 coverage surveys

	Minogere
	Cases only

	Mohuveto
	Cases & community PCV13 coverage surveys

	Mohuveto #1
	Cases only

	Mohuveto #2
	Cases & community PCV13 coverage surveys

	Mt. Kiss
	Cases & community PCV13 coverage surveys

	Nagamiufa
	Cases & community PCV13 coverage surveys

	Nagamiufa #2
	Community PCV13 coverage surveys only

	Nahoma
	Cases & community PCV13 coverage surveys

	Nalepa
	Cases & community PCV13 coverage surveys

	Namba Kofi
	Community PCV13 coverage surveys only

	Napamogona
	Cases & community PCV13 coverage surveys

	Napax
	Cases & community PCV13 coverage surveys

	Noinega
	Cases & community PCV13 coverage surveys

	North Goroka
	Cases & community PCV13 coverage surveys

	Notofana
	Cases & community PCV13 coverage surveys

	Okiufa
	Cases & community PCV13 coverage surveys

	Oliguti
	Cases & community PCV13 coverage surveys

	Ongorofa
	Cases & community PCV13 coverage surveys

	Orimu
	Community PCV13 coverage surveys only

	Paragon
	Cases & community PCV13 coverage surveys

	Paragon Estate
	Cases & community PCV13 coverage surveys

	Pekpek Wara
	Community PCV13 coverage surveys only

	PNK
	Community PCV13 coverage surveys only

	Rintebe
	Cases & community PCV13 coverage surveys

	Roger
	Community PCV13 coverage surveys only

	Rothmans
	Cases & community PCV13 coverage surveys

	Safanaga
	Cases & community PCV13 coverage surveys

	Samagoni
	Community PCV13 coverage surveys only

	Samariufa
	Cases & community PCV13 coverage surveys

	Samoga
	Community PCV13 coverage surveys only

	Samogoyufa
	Cases & community PCV13 coverage surveys

	Seigu
	Cases & community PCV13 coverage surveys

	Sigere
	Cases & community PCV13 coverage surveys

	Sigoya
	Cases & community PCV13 coverage surveys

	Sioke
	Cases & community PCV13 coverage surveys

	Sipiga
	Cases & community PCV13 coverage surveys

	Sogomi
	Community PCV13 coverage surveys only

	Suave Market
	Cases only

	Ufeto
	Cases & community PCV13 coverage surveys

	Upegu
	Cases & community PCV13 coverage surveys

	Upegu #2
	Cases & community PCV13 coverage surveys

	Upper Bena
	Community PCV13 coverage surveys only

	Vanima
	Cases & community PCV13 coverage surveys

	Watabung
	Cases & community PCV13 coverage surveys

	Watarais
	Cases & community PCV13 coverage surveys

	West Goroka
	Cases & community PCV13 coverage surveys

	Yabiufa
	Cases & community PCV13 coverage surveys

	Yamiyufa
	Cases & community PCV13 coverage surveys

	Yanau
	Cases & community PCV13 coverage surveys


Supplementary Table 3 Characteristics of cases aged 0 – 59 months with meningitis or pneumonia by village survey completion status (n = 1,214)
	Characteristics
	Coverage survey not completed 

n (%)
	Coverage survey completed

n (%)
	P-value b

	
	N = 342a
	N = 872a
	

	Age, median months (IQR)
	9.5 (5.1 – 18.5)
	(n = 869)

10.3 (5.3 – 18.7)
	0.280

	Age group (months)

0 – 11

12 – 23

24 – 59
	209 (61.1)

83 (24.3)

50 (14.6)
	(n = 869)

496 (57.0)

214 (24.7)

159 (18.3)
	0.270

	PCV13 vaccination status

Vaccinated c
Under-vaccinated d
Missing vaccination status
	170 (49.7)

163 (47.7)

9 (2.6)
	443 (50.8)

414 (47.5)

15 (1.7)
	0.579

	Participant sex

Female

Male
	146 (42.7)

196 (57.3)
	374 (42.9)

498 (57.1)
	0.950

	Enrolment year

2016

2017

2018

2019
	23 (6.7)

146 (42.7)

162 (47.4)

11 (3.2)
	188 (21.6)

344 (39.5)

189 (21.7)

151 (17.3)
	<0.001

	Wet season
	122 (35.7)
	276 (31.7)
	0.179

	Number of children < 5 years in the household

0

1

2

3

4

5

6
	41 (12.0)

181 (52.9)

95 (27.8)

18 (5.3)

4 (1.2)

2 (0.6)

1 (0.3)
	85 (9.8)
415 (47.6)

279 (32.0)

72 (8.3)

13 (1.5)

7 (0.8)

1 (0.1)
	0.252

	Primary source of cooking fuel

Wood

Gas/Electricity

Kerosene

Sawdust
	328 (95.9)

9 (2.6)

4 (1.2)

1 (0.3)
	835 (95.8)

28 (3.2)

9 (1.0)

0 (0.0)
	0.413

	Exposure to household cigarette smoke

No

Yes

Unknown
	(n=340)

133 (39.1)

206 (60.6)

1 (0.3)
	306 (35.1)

565 (64.8)

1 (0.1)
	0.324

	Clinical diagnosis

Suspected meningitis
Moderate/severe pneumoniae
	1 (0.3)

341 (99.7)
	1 (0.1)

871 (99.9)
	0.492

	Antibiotics within 30 days of enrolmentf
	1 (21.4)
	11 (78.6)
	0.571

	Any comorbidity or chronic illnessg

No

Yes

Unknown
	340 (99.4)

2 (0.6)

0 (0.0)
	862 (98.9)

6 (0.7)

4 (0.4)
	0.446

	Malnutritioni
	55 (16.1)
	(n=869)

137 (15.8)
	0.892

	Distance to the hospital 

< 1 hour

> 1 hour
	(n=321)

293 (91.3)

28 (8.7)
	(n=849)

754 (88.8)

95 (11.2)
	0.220

	Breastfeeding status at time of survey

Not breastfeeding

Breastfeeding
	78 (22.8)

264 (77.2)
	(n=868)

190 (21.9)

67 (78.1)
	0.729

	Median (IQR) people in the household
	(n=341)

6 (4 – 8)
	6 (4 – 7)
	0.319

	Housing

Permanent

Semi-permanent

Traditional (thatched)
	(n=339)

59 (17.4)

161 (47.5)

119 (35.1)
	(n=869)

162 (18.6)

412 (47.4)

295 (39.5)
	0.861

	Overall pneumococcal carriageh
Negative

Positive
	36 (10.5)

306 (89.5)
	(n=868)

85 (9.8)

783 (90.2)
	0.702

	Vaccine-type pneumococcal carriagei
Negative

Positive
	(n=336)

228 (67.9)

108 (27.32.1)
	(n=849)

565 (66.6)

284 (33.4)
	0.666

	Non-vaccine-type pneumococcal carriagej
Negative

Positive
	(n=336)

82 (24.4)

254 (75.6)
	(n=849)

189 (22.3)

660 (77.7)
	0.428


Abbreviations: PCV13, thirteen-valent pneumococcal conjugate vaccine; IQR, interquartile range; Footnotes: a Unless otherwise specified; b χ2 test was used to compare categorical data, and the Mann-Whitney test was used to compare continuous data.  Significance was set at P <0.05. c One dose of PCV13 given before the age of 12 months, or no doses of PCV13 given before or after 12 months of age22
; d Two doses of PCV13 given before the age of 12 months, or one or more doses of PCV13 given at or after 12 months of age22
; e 2013 World Health Organization definition; g reported by parents or caregivers; f including chronic respiratory disease, cleft palate, HIV exposed, cardiac disease, chronic malnutrition, subacute sclerosing panencephalitis; g Weight for age z score < 2 standard deviations; h Any pneumococci, including non-encapsulated lineages; i Pneumococcal serotypes included in PCV13 (serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F); j Pneumococcal serotypes not included in PCV13, including non-encapsulated lineages.

Directed acyclic graph

Based on the directed acyclic graph shown in Supplementary figure 1, we identified that the minimal sufficient adjustment sets for estimating the total effect of village-level PCV13 coverage on vaccine-type carriage were age, the number of children less than five years in the household, and PCV13 status. 

Supplementary Figure 1 Directed acyclic graph of the association between village-level PCV13 coverage, PCV vaccination status, and vaccine-type carriage.
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