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Exclusion criteria for study participants
Subjects under the age of 18, those with impaired judgement due to language problems, psychological disorders or dementia, individuals with known or suspected non-compliance or non-availability for follow-up during the study period were excluded. Specific exclusion criteria for HCW only were employment of less than 50%, planning to spend more than two consecutive weeks outside of Switzerland during the winter study period (1st November to 31st April) or planning to take leave from work for more than two consecutive weeks during the winter study period (e.g. maternity or medical leave).

Sample size considerations
Assuming an average duration of influenza season of 15 weeks (1), a proportion of HCW with asymptomatic or presymptomatic influenza of 17%(2), a proportion of inpatients with asymptomatic or presymptomatic influenza of 2.5% (3, 4), a drop-out rate of 10%, and a secondary attack rate of asymptomatic or presymptomatic influenza of 5% (3, 5-8), we calculated the number of contacts required to detect one single influenza transmission from an asymptomatic or presymptomatic index case with a power of 80%, to 33, and a corresponding number of 840 inpatients and 120 HCW providing a total of 10,080 samples needed. Corresponding numbers for a secondary attack rate of 3% were 54 contacts, 1,260 inpatients, 180 HCW, and 15,120 swabs.

Viral sequences
Whole influenza genome background sequences were retrieved from the NCBI Influenza Virus Resource sequence database using the Full Genome Sets Interface (9). We restricted our search to complete genomes only with human host and collection date between November 2014 and April 2018. In addition to the foreign background sequences, we also included nearly full length viral sequences from the Zurich region collected during the same two influenza seasons as in our study. Since the regional sequences are spatially closer than the foreign sequences, they should in principle improve the separation of the sequences from the study, especially in case of community introduced infections in the hospital.

Phylogenetic tree construction
Since all the available study sequences were either entirely influenza A virus (IAV) subtype H1N1 or entirely of subtype H3N2, we restricted the background sequences to the same subtypes. The workflow described in the following paragraphs was applied separately to both subtypes.

First, the segments from the same sample were concatenated to form near full-length viral sequences. Next, using Nucleotide BLAST 2.2.31+ with 10 maximum target sequences, maximum E-value 0.05 and percentage identity threshold of 90%, the background sequences most similar to the community and study samples were identified (10).
Afterwards, five sequences were randomly selected among the foreign background sequences of the complementary subtype (i.e. H3N2 for H1N1, and vice versa) to constitute the outgroup. Outgroup, blasted background, majority consensus community and study sequences (Supplemental Table S1) were pooled together and aligned with MUSCLE (11). 
Finally, a phylogenetic tree was built using PhyML 20120412 with GTR+ nucleotide substitution model, 8 relative substitution rate categories and 1000 bootstrap trees (12). For the remaining input parameters, the default values were used. The resulting trees were further processed and analyzed in R version 3.5.2, employing R-packages ape and seqinr, and custom written scripts (13, 14).

Transmission clusters extraction
Each phylogenetic tree was rooted using the pre-defined outgroup as described above and the most recent common ancestor (MRCA) clade of the ingroup was extracted (Supplemental Figure S5). For a given maximum genetic distance threshold  and a bootstrap support value  we defined a cluster as a clade with
i. bootstrap support value greater or equal to  (namely the same set of sequences formed a monophyletic group in at least  out of 1000 bootstrap trees); and
ii. genetic distance smaller or equal than  between any two of its tips.
This kind of cluster definition has been utilized elsewhere. Notably, it was used for the implementation of ClusterPicker and applied to different viruses, including human immunodeficiency, hepatitis C and influenza virus.7

We declared such a phylogenetic cluster as a potential transmission cluster if it contained sequences of either a) at least two different study participants or b) one study participant and at least one non-study sample. Furthermore, study participants with multiple sequences were interpreted as being co-infected (under the considered cluster definition) if the MRCA clade of their samples did not fulfill the criteria for being a cluster given the thresholds under consideration. In other words, if viral sequences from the same person could be split into at least two groups that were genetically too distinguishable to belong to the same transmission cluster, this person was considered to be infected with different strains. 

Supplemental Figure S1 visualizes why identification of the transmission cluster based on the MRCA composition alone is not sufficient, especially when the sampling is sparse (as it is arguably the case for influenza): while the samples of two persons might form a monophyletic group (Supplemental Figure S1, panels 1.b—3.b), it could be that some of the intermediate hosts/transmitters’ viral sequences were missed (Supplemental Figure S1, panels 1.a—3.a) and hence falsely give the impression of a transmission cluster. While the bootstrap support value threshold ensures sufficient certainty of the clade composition, the maximum pairwise genetic distance can be used to identify sequences which are genetically too different to be a result of a recent branching event, i.e. transmission. Intuitively, viral evolution of the transmitted virus should be in line with the within host viral evolution of the transmitter over a similar time range. Thus, if the smallest genetic distance between sequences from two different persons is much larger than the genetic distance observed within a single person, this is a strong indication against direct transmission. Additionally, it is important to notice that a within host viral evolution could be a result of multiple infection events,8,9 hence overestimating the plausible range of genetic distance within one patient. To summarize, large genetic distances and presence of background sequences in the MRCA clades strongly support the absence of a direct transmission event.

Using deductive reasoning, we considered a range of thresholds and compared the number of transmission clusters with the number of co-infected individuals claimed by each premise (Supplemental Figure S2). The absence of any set of thresholds yielding 0 transmission events and 0 coinfections (“0/0” field) in case of H3N2 indicated either at least one transmission cluster or at least one co-infected study participant regardless of the thresholds.

With bootstrap support value threshold of 90% and maximum pairwise genetic distance 0.0011 our method identifies three clades as potential transmission clusters – A, B and C (Supplemental Figure S3). Next, we investigated three possible premises (assuming =900) and their plausibility with respect to the frequency of co-infections, and duration of infection and viral shedding:
· Premise a (with =0.000400): none of the clades A, B or C forms a transmission cluster
Under this assumption, even the earlier three samples of H VI do not form any transmission cluster, suggesting a co-infection with at least two strains (Supplemental Figure S3). Additionally, except for H III, H V, H XIII and P 11, none of the participants with multiple samples would form a transmission cluster (Supplemental Table S2). This thesis thus claims 7 coinfections (5 due to too high genetic distance) among 12 influenza cases with multiple available samples. Even though there is not consensus about the frequency of such infections,8,10 58.3% (7 out of 12) in our case would even exceed the debatably highest observed frequency of 50%.10,11 This premise hence arguably imposes a too strict threshold on genetic distance.
· Premise b (with =0.000411): clade A forms a transmission cluster, clades B and C are not transmission clusters
Since the only sample of participant P 15 was nested within the MRCA of H VI’s samples in 744 of 1000 bootstrap trees (topology 2.b from Supplemental Figure S1, Supplemental Table S1), this is indicative of clade A forming a transmission cluster. Under these assumptions, however, three H1N1-infected individuals and three H3N2-infected participants would still be considered co-infected. Assuming that mixed infections could be rare,8,12 with 50% of co-infections this threshold for the genetic distance is still arguably too conservative.
· Premise c (with =0.001050): clades A and B represent transmission clusters, clade C is not a transmission cluster
This proposition is consistent with absence of any co-infections and two possible transmission clusters. It is noteworthy that the P 10’s sample was nested within P 9’s samples in 484 out of 1000 bootstrap replicates (case 2.b, Supplemental Figure S1), hence the evidence of clade being a real transmission cluster is not strong. On the other hand, if the assumptions were relaxed further, the clade C would have been identified as a transmission cluster. Due to absence of direct contact between H XIII and P 11, this is highly unlikely. In addition, the H XIII’s swabs were tested negative from the fourth day onwards after being positive for the first time and the HCW self-reported wearing a mask at work throughout the duration of symptoms. Since the time lag between the positive samples from P 11 and H XIII is rather long (10 days), this imposes additional argument for why this transmission is rather implausible.

In summary, our model thus supports that H VI and P 15 are a transmission pair. We furthermore identified another possible candidate transmission pair for which the evidence is weaker (the proportion of MRCAs with nested samples was only 48.4% compared to 74.4% in case of H VI and P 15). In summary, genetic distance greater than 0.0011 suggests two or more infection events and is hence supportive for the absence of a direct transmission. The genetic distances below this threshold should be taken with care as proclaiming all the transmission clusters as real transmission clusters could result in falsely identified transmission events. Note however, that the transmission pair (H VI, P 15) claimed in this study is also supported by epidemiological evidence – in particular, contact tracing – and hence the phylogenetic evidence is only used to corroborate or refute the epidemiologically inferred pairs.
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Supplemental Table S1 	Overview of the near full-length sequences used in the phylogenetic analysis workflow.

	
	Influenza A/H1N1
	Influenza A/H3N2

	
	2015/16
	2016/17
	Overall
	2015/16
	2016/17
	Overall

	Study sequences, n
	23
	1
	24
	0
	31
	31

	Study participants with at least one sequence, n
	8
	1
	9
	0
	12
	12

	Study participants with multiple sequences, n
	5
	0
	5
	0
	7
	7

	Community sequences, n
	16
	0
	16
	5
	16
	21

	Background sequences, n
	-
	-
	2990
	-
	-
	6718

	Blasted background sequences, n
	-
	-
	62
	-
	-
	66

	Outgroup sequences, n
	-
	-
	5
	-
	-
	5




Supplemental Table S2. Summary of the most recent common ancestor (MRCA) clades of participants with multiple viral sequences. The bootstrap support value indicates the support value of MRCA clade, whereas the percentage phylogenetic corresponds to the percentage of the bootstrap trees in which the MRCA clade was monophyletic, namely it contained exclusively the participant’s samples. The genetic distance – MRCA summarizes the maximum pairwise genetic distance between any two tips of the MRCA clade, while the genetic distance – participant’s samples shows the maximum pairwise genetic distance between any two sample of the same participant.

	Study participant
	Influenza A virus serotype
	Bootstrap support value
	Percentage monophyletic [%]
	Genetic distance – MRCA [10-6]
	Genetic distance – participant’s samples [10-6]

	H III
	H1N1
	1000
	100
	308.32
	308.32

	H I
	H1N1
	994
	99.4
	463.95
	463.95

	H XI
	H1N1
	993
	99.3
	619.32
	619.32

	P 1
	H1N1
	999
	99.9
	465.66
	465.66

	P 4
	H1N1
	1000
	100
	310.54
	310.54

	H V
	H3N2
	1000
	100
	0.10
	0.10

	H XIII
	H3N2
	943
	94.3
	138.57
	138.57

	P 9
	H3N2
	516
	51.6
	0.06
	0.06

	P 10
	H3N2
	861
	86.1
	138.62
	138.62

	H VI
	H3N2
	999
	25.6
	410.74
	410.74

	P 11
	H3N2
	985
	98.5
	136.81
	136.81

	P 14
	H3N2
	1000
	100
	410.35
	410.35



Supplemental Figure S1. Elements of transmission cluster definition. Panels 1—3 show some possible topologies for MRCA clades of samples from 2 different persons A (blue) and B (rosa). Triangles denote the subtrees, containing only samples from the corresponding persons or exclusively samples not belonging to A or B (marked with X, in gray). The configurations b show the topologies in case of incomplete sampling, namely, when the samples belonging to the X subtrees from a are not sampled. The uncertainty of the composition of MRCA clades is reflected in the bootstrap support value. Panel 4 summarizes the inversely proportional relationship between the probability that a candidate pair is a real transmission pair depending on the genetic similarity between their viral sequences – the larger the pairwise genetic distance the less likely the true direct transmission.
[image: ]

Supplemental Figure S2. Number of transmission clusters versus number of individuals for which a multiple infection would be predicted given a set of thresholds. The y-axis indicates the lower bound for the bootstrap support value of the clade. The maximum pairwise genetic distance is depicted on the x-axis. Each rectangle corresponds to one set of thresholds and shows the number of transmission clusters (upper left) versus number of co-infected individuals (lower right).
[image: ]




Supplemental Figure S3. Three assumptions considered in deductive reasoning for selecting the genetic distance threshold in decreasing order of strictness. On each subtree each gray shaded rectangle represent a set of sequences that would (under the corresponding genetic distance threshold) be identified as a transmission cluster. Sequences belonging to the same patient but not appearing within the same rectangle indicate a co-infection under the corresponding set of thresholds. The bootstrap support value threshold in all three premises is B=900.
[image: ]


Supplemental Table S3. Adherence with the study protocol in 152 healthcare workers and 542 hospital inpatients participating in prospective surveillance for asymptomatic and symptomatic influenza infection during the 2015/16 and the 2016/17 influenza season, University Hospital Zurich. 

	Item
	HCW
(N=152)
	INPATIENTS
(N=542)

	Number of swabs
	7,171
	3,498

		2015/16 season		total
	3,503
	1,480

						median (IQR)
	69 (31-85)
	5 (3-9.5)

		2016/17 season		total
	3,668
	2,018

						median (IQR)
	42 (21-57)
	5 (3-8)

	Proportion of expected swabs 	%, median (IQR)
	73.1 (36.2-88.5)
	60.0 (43.8-71.4)

			in hospital		%, median (IQR)
	n.a.
	81.3 (62.5-100)

	Number of diaries
	7,490
	3,526

		2015/16 season		total
	3,676
	1,484

						median (IQR)
	72 (34-89)
	5 (3-9.5)

		2016/17 season		total
	3,814
	2,042

						median (IQR)
	43 (25-58)
	5 (3-8)

	Proportion of expected diaries 	%, median (IQR)
	75.4 (41.5-92.7)
	60 (43.4-71.4)

			in hospital		%, median (IQR)
	n.a.
	81.8 (65.5-100)

	Abbreviations: HCW, healthcare worker; IQR, interquartile range; n.a. not applicable.





Supplemental Table S4. Characteristics of healthcare workers and inpatients participating in prospective surveillance for asymptomatic and symptomatic influenza infection during the 2015/16 and the 2016/17 influenza season, University Hospital Zurich

	Characteristic
	HCW
(N=152)
	INPATIENTS
(n=542)

	2015/16 season
	59 (38.8)a
	192 (35.4)

	2016/17 season
	94 (61.8)a
	350 (64.6)

	Duration of study participation, median (range)
	
	

		2015/16 season
	96 (71-96)
	8 (3-86)

		2016/17 season
	66 (25-67)
	8 (3-44)

	Age,years, median (range)
	31.0 (18.2-62.0)
	60.8 (18.2-95.6)

	Female sex, n (%)
	124 (81.6)
	224 (41.3)

	Profession, n (%)
	
	

		Nurse
	100 (65.8)
	n.a.

		Physician
	20 (13.6)
	n.a.

		Physiotherapist
	27 (17.8)
	n.a.

		Corporate Hospitality
	5 (3.3)
	n.a.

	Influenza vaccine
	
	

		Study season
	36 (23.7)
	173 (31.9)

		Study season and prior season
	33 (21.7)
	155 (28.6)

	Charlson comorbidity index, median (range)
	0 (0-1)
	2 (0-13)

		Myocardial infarction
	0 (0)
	52 (9.6)

		Congestive heart failure
	0 (0)
	100 (18.5)

		Peripheral vascular disease
	0 (0)
	37 (6.8)

		Chronic pulmonary disease
	4 (2.6)
	144 (26.6)

		Connective tissue disease
	0 (0)
	21 (3.9)

		Diabetes without complications
	1 (0.7)
	79 (14.6)

		Peptic ulcer disease
	1 (0.7)
	3 (0.6)

		Chronic disease of the liver or cirrhosis
	0 (0)
	5 (0.9)

		Hemiplegia
	0 (0)
	1 (0.2)

		Moderate or severe kidney disease
	0 (0)
	43 (7.9)

		Diabetes with chronic complications
	0 (0)
	22 (4.1)

		Tumors
	0 (0)
	53 (9.8)

		Leukemia
	0 (0)
	30 (5.5)

		Lymphoma
	0 (0)
	27 (5.0)

		Moderate or severe liver disease
	0 (0)
	44 (8.1)

		Malignant tumor, metastasis
	0 (0)
	53 (9.8)

		AIDS
	0 (0)
	6 (1.1)

		Dementia
	0 (0)
	1 (0.2)

	Hausehold crowding index, median (range)
	1.3 (0.5-3)
	n.a.

	Kids in household
	34 (22.4)
	n.a.

	Data are n(%) unless indicated otherwise. a1 HCW participated in both seasons.
Abbreviations: n.a., not applicable.





[bookmark: _Hlk64289604]Supplemental Figure S4. Overview of study workflow and results
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Supplemental Figure S5. Phylogenetic trees of near full-length genome sequences of influenza virus collected at the University Hospital Zurich in the 2015/16 and 2016/17 influenza seasons
[image: ]
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