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Genomic epidemiology of SARS-CoV-2 in a large UK university 
 
Executive Summary 
 
● Given their potential as conduits for transmission of SARS-CoV-2, understanding the patterns of 

spread in higher educational settings can provide important information to inform intervention 
measures while limiting disruption to teaching, research and the metal health of staff and students.  

 
● A genomic epidemiology study at the University of Cambridge (UoC) across a term (5th Oct-6th 

Dec, 2020) integrating samples from symptomatic testing and asymptomatic screening yielded 482 
high quality genomes (from 788 total cases), which were analysed together with 972 sequences from 
cases in the surrounding community.  

 
● There were 23 SARS-CoV-2 lineages among the UoC isolates, >90% of which were from just four 

lineages. Only 8/198 putative transmission clusters contained ≥5 university members, indicating 
that the majority of introductions do not cause ongoing transmission.    

 
● After a limited number of viral introductions into the university, the majority of student cases were 

linked to a single genetic cluster (cluster 1; lineage B.1.160.7), which likely dispersed across the 
university following social gatherings at a nightclub outside the university.  

 
● Considerable onward transmission was identified within student accommodation and within 

course/year groups. By contrast, there was limited transmission among staff, between staff and 
students, or between university members and the wider community.  

 
● Local infection control measures and the second national lockdown were associated with decreased 

transmission.  
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Question addressed 
 
Universities have been considered as potential conduits for SARS-CoV-2 transmission owing to the 
social networks of the students and staff, many of whom live communally, and in-person teaching of 
large groups. Understanding the drivers for spread of SARS-CoV-2 in high education settings can inform 
efforts to limit transmission between students, staff, and onward spread into at-risk populations, while 
minimising disruption to teaching, research, and the mental health of students and staff.  
 
Methodology 
 
Prospective genome sequencing of 482 SARS-CoV-2 isolates derived from asymptomatic student 
screening and symptomatic testing of staff and students at the University of Cambridge (UoC) between 
5th October and 6th December 2020. Assessment of transmission dynamics using phylogenetic analyses 
of UoC samples and isolates from the surrounding community as well as epidemiological and contact 
tracing data.  
 
Findings 
 
Between the 5th of October and 6th of December 2020, UoC ran PCR-based symptomatic testing for all 
staff and students, and offered asymptomatic screening to 15,500 students living in university-managed 
accommodation. In total, 972 SARS-CoV-2 cases were identified among university students and staff. 
High quality genome sequences were generated for 482 staff and students in total, from the UoC 
screening programme (446), the Cambridge healthcare worker (HCW) sequencing programme (12), and 
the wider COG-UK dataset (24). These were compared with 972 contextual community genome 
sequences from the HCW and COG-UK datasets.  
 
Twenty three SARS-COV-2 lineages (Pango lineages) were identified in UoC samples, 438/482 (90.9%) 
of which were from just four lineages (B.1.60.7, B.1.177, B.1.36, B.1.177.16) all detected in the second 
week of term. By comparison 57 lineages were identified in the local community over the same 9-week 
period.  
 
198 putative transmission clusters were identified using CIVET, only eight of which contained five or 
more university members (range 6-337) but which represented 91.3% of all cases. As such, the majority 
of lineages introduced to UoC did not cause ongoing transmission. 
 
Detailed analysis of the largest cluster (cluster 1), consisting of 337/484 (69.6%) of the total SARS-
CoV-2 genomes, was widely dispersed across UoC by the middle of the term, affecting 29/31 colleges, 
28 undergraduate courses and 208 households in university accommodation. Cluster 1 belonged to 
lineage B.1.160.7, which was first identified into the UK in Wales on the 4th of October before becoming 
predominantly associated with UoC. Analyses were consistent with a single introduction of B.1.160.7 
into UoC from outside of Cambridgeshire, before spreading through the university and into the local 
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community. Contact tracing data identified ten students that reported visiting a nightclub, which was a 
likely initial source of  dispersion for cluster 1.  
 
Modelling showed that the effective 
reproduction number (Re) of the B.1.160.7 
lineage was ~1 at the start of term and rose and 
fell over the first four weeks of term. Re rose 
again immediately prior to the introduction of 
national lockdown on the 5th of November, 
before a steep decrease thereafter (Figure 1), 
which was consistent with declining absolute 
numbers of infections during this time.   
 
There was evidence of transmission of SARS-CoV-2 in student accommodation for 18 of the university 
clusters. The largest cluster associated with transmission in accommodation (cluster 2; lineage B.1.36) 
involved 30 students, 24 (80%) of which lived in a single college accommodation block, with another 4 
living in 2 separate households within the same college. Isolation of all households in the main 
accommodation block and individual screening offered to all students were successful in halting 
transmission by term week 3.  
 
Modelling estimated the per household contact probability that an infected person transmitted the virus 
to an uninfected individual in the same household to be 7.8%.  
 
For 14 clusters, there was evidence of viral spread between students in the same course and year of 
study. For cluster 1, 60.2% of students had an identical isolate to at least one other student in the same 
course/year. However, it was not possible to determine the probable location of transmission in most 
cases, given the overlap between sharing courses and households, and the social networks of the 
individuals involved.  
 
From the 30 SARS-CoV-2 sequences from UoC staff, there was evidence of transmission between staff 
working in the same department, college, ancillary role or household. There were 8 clusters involving 
staff and students, but epidemiological links could only be established for one of these clusters.  
 
Phylogenetic analysis (Figure 2) demonstrates segregation of the majority of community and university 
cases into separate clusters and therefore a lack of substantial cross-transmission. Of the 198 clusters, 
29 (14.6%) contained both university and community cases, with only 6 clusters containing 5 or more 
university cases and 3 or more community cases.  
 
Associations were identified between UoC and healthcare settings, with 17 clusters involving both 
university members and HCWs or patients. Clusters involving clinical medical students and HCW cases 

 
Figure 1. A 20-epoch birth-death skyline model shows the effect of local 
infection control measures and the national lockdown on the effective 
reproduction number (Re), and estimates of the mean effective infectious 
period as 2.9 (95% HPD=2.4-3.5) days. Re posterior estimates (dark 
shading=50% HPD; light shading=95% HPD). The dotted line indicates the 
start of term and the light blue shaded area the 4-week national lockdown in the 
UK, which was associated with a large fall in COVID-19 cases in University 
students. The red dashed line indicates Re=1 
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were identified, highlighting this group of students as possible conduits for transmission between the 
university and community. 

 
Key conclusions 
 
Following a limited number of introductions, the majority of cases were linked to a single genetic cluster 
that likely dispersed following multiple social gatherings at a nightclub.  
 
Considerable transmission was associated with student accommodation and with course/year groups.  
 
There was minimal evidence for transmission between staff within university departments, or between 
students and staff.  
 
Institutional interventions, including a pooled PCR student screening and targeted infection control 
measures, and national lockdown were associated with decreases in transmission.  

 
Figure 2: Time-scaled coalescent tree including university members and local community isolates from study period with visible segregation 
between the two groups. College affiliation is shown for university members in the second set of vertical columns, highlighting the ‘top nine’ colleges 
by cluster 1 prevalence. 
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The great majority of transmissions occur either within the university or within the local community. 
 
Clinical medical students were disproportionately represented within community clusters, identifying an 
epidemiological link between secondary care and the university and suggesting that prioritising 
vaccination of medical students should be considered. 
 
Limitations 
 
Incomplete sampling and subsequent sequence filtering in both university and community datasets 
should be considered when interpreting transmission, although the inclusion of samples from 
asymptomatic and symptomatic screening should mitigate this limitation.  
 
Lower community case ascertainment may result in unobserved transmission chains.  
 
Sharing of a course/accommodation does not preclude transmission in a social setting.  
 
Generalisation of any conclusions to other institutions should be tempered by the distinct UoC collegiate 
structure and limited integration with the surrounding community.  
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Abstract 60 

 61 

Understanding the drivers for spread of SARS-CoV-2 in higher education settings is 62 

important to limit transmission between students, and onward spread into at-risk populations. 63 

In this study, we prospectively sequenced 482 SARS-CoV-2 isolates derived from 64 

asymptomatic student screening and symptomatic testing of students and staff at the 65 

University of Cambridge from 5 October to 6 December 2020. We performed a detailed 66 

phylogenetic comparison with 972 isolates from the surrounding community, complemented 67 

with epidemiological and contact tracing data, to determine transmission dynamics. After a 68 

limited number of viral introductions into the university, the majority of student cases were 69 

linked to a single genetic cluster, likely dispersed across the university following social 70 

gatherings at a venue outside the university. We identified considerable onward transmission 71 

associated with student accommodation and courses; this was effectively contained using 72 

local infection control measures and dramatically reduced following a national lockdown. We 73 

observed that transmission clusters were largely segregated within the university or within 74 

the community. This study highlights key determinants of SARS-CoV-2 transmission and 75 

effective interventions in a higher education setting that will inform public health policy during 76 

pandemics.  77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 
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Main 87 

 88 

The SARS-CoV-2 pandemic has caused substantial morbidity and mortality globally1,2. 89 

Universities have been considered conduits for transmission due to extensive social 90 

networks of young adults, many of whom live communally, and in-person teaching of large 91 

groups3. Outbreaks of SARS-CoV-2 have been observed in a number of higher education 92 

institutions, but the drivers for transmission in these settings are poorly understood4. It is 93 

speculated that infection dynamics are dependent on transmission chains involving student 94 

courses, residence, study year and social networks5. Understanding these dynamics is 95 

essential in order to devise effective infection control measures while minimising disruption 96 

to teaching, research and the mental health of students and staff6. Furthermore, while 97 

university students are less likely to develop severe illness secondary to SARS-CoV-2, there 98 

is concern that university outbreaks could seed infections in more vulnerable populations, 99 

including staff, the local community, and upon returning home to older relatives7. Identifying 100 

possible sources of cross-transmission is therefore vital.  101 

 102 

Although SARS-CoV-2 genome sequencing has clear utility to identify virus emergence and 103 

cryptic transmission8,9, no large-scale genomic studies in university settings have been 104 

conducted. The United Kingdom has an extensive community genomics surveillance 105 

programme through COG-UK10 which complements traditional contact tracing approaches 106 

by providing understanding of circulating viral populations.  107 

 108 

We report the results of a genomic epidemiology study of SARS-CoV-2 across a complete 109 

term at the University of Cambridge (UoC). From 5th October to 6th December 2020, the UoC 110 

ran PCR-based symptomatic testing for all staff and students, and offered asymptomatic 111 

screening to 15,500 students living in university-managed accommodation. We therefore 112 

provide a unique study of SARS-CoV-2 infection that encompasses pre-symptomatic and 113 
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asymptomatic students11. Positive samples from the UoC were sequenced and compared 114 

with systematic surveillance SARS-CoV-2 sequences from the local community. The results 115 

were analysed in conjunction with epidemiological data derived from the screening 116 

programme and national contact tracing. Overall, we describe introductions of SARS-CoV-2 117 

into a higher education setting, the dynamics of transmission both within the university and 118 

between the university and the surrounding community, and the impact of local and national 119 

measures to control the spread of SARS-CoV-2 infections.  120 

 121 

Results 122 

In total, 972 SARS-CoV-2 cases were identified among university students and staff over the 123 

course of term (5th October to 6th December 2020). High-quality genomes were recovered 124 

from 446/778 (57.3%) positive cases from the university testing programme. High-quality 125 

genomes were recovered from 107/266 (40.2%) cases identified through the Healthcare 126 

worker (HCW) screening programme (95 HCWs, 8 students, 4 university staff) and 104 127 

patients identified by hospital testing (71 SARS-CoV-2 positive patients from Cambridge 128 

University Hospitals (CUH) and 33 from other medical facilities in Cambridgeshire). A further 129 

797 local cases identified by community testing during the study period were present within 130 

the COG-UK dataset, of which 17 were identified as students, 7 as university staff and 26 as 131 

HCWs (Figure 1). Of all identified SARS-CoV-2 cases from Cambridgeshire (university and 132 

community) during this period, 8.0% were sequenced (Extended Data Figure 1).  133 

 134 

SARS-CoV-2 lineages and transmission clusters 135 

Over the 9-week term, 62 Pango lineages were identified across the university and 136 

community (Figures 2a and 2c). In the university, 23 Pango lineages were identified, and 137 

438/482 (90.9%) cases were from just 4 lineages (B.1.60.7, B.1.177, B.1.36, B.1.177.16), all 138 

of which were detected by the second week of term. 12 lineages were only observed after 139 

the second week of term and accounted for 6.9% cases. By comparison, 57 lineages were 140 
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identified in the local community over the same 9-week period. Viral genomes containing 141 

mutations in the spike protein that have been linked to decreased sensitivity to antibody-142 

mediated immunity or impact viral transmission were observed in the university population; 3 143 

sequences from the B.1.258 lineage containing the N439K mutation and ∆H69/∆V70, 2 144 

cases of B.1.1.7 and its associated mutations12, and 88 cases of B.1.177 with the A222V 145 

mutations13.   146 

 147 

In total, 198 putative transmission clusters were defined by CIVET, including 16 clusters of 2 148 

or more university members. Only 8 clusters contained 5 or more university members (range 149 

6-337), which represented 91.3% of all university cases, signifying that the majority of 150 

introductions into UoC did not cause ongoing transmission. To further investigate the largest 151 

of these, cluster 1 described below, we identified groups of identical samples (0 SNP 152 

differences) which produced 19 additional clusters (a total of 34 university clusters) for 153 

further analysis.  154 

 155 

Determinants of viral spread across the university  156 

To determine transmission dynamics following introduction into the university, we performed 157 

a detailed investigation of the largest genomic cluster (Cluster 1), which accounted for 158 

337/484 (69.6%) sequenced university cases (Figure 3). This was widely dispersed across 159 

the university by the middle of term, affecting students from 29/31 Colleges, 28 160 

undergraduate courses and 208 households in university accommodation alone (Figure 4).  161 

 162 

Cluster 1 was classified as belonging to Pango lineage B.1.160.7. No mutations previously 163 

noted to be associated with increased transmissibility were observed in this lineage 164 

compared to other genomes in the study. Interrogation of the entire COG-UK dataset of 165 

samples from 2020 showed that this lineage was first identified in the UK on 4th October 166 

2020, in Wales, before becoming predominantly sampled in UoC (Figure 3b). The B.1.160.7 167 
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lineage was not identified in the local community until term week 3, suggesting that the 168 

university cases were introduced from outside Cambridgeshire. This was supported by the 169 

median estimate of the time to the most common recent ancestor of cluster 1, in comparison 170 

to its most closely related cluster from Cambridgeshire community isolates of 115 days (C.I. 171 

91-148) prior to the start of term. Additional analysis with A2B-COVID showed that these 172 

sequences were consistent with a single introduction into the university (Figure 3c).  173 

 174 

National and university contact tracing data were used to identify the initial source of 175 

dispersion of this cluster. Ten students from the first two weeks of term reported visiting the 176 

same nightclub (venue A). Nine individuals either had an isolate from cluster 1 or (in the 177 

event that their sample did not yield a high-quality sequence) were household contacts of an 178 

individual with a sequenced cluster 1 isolate. No information was available for one student.  179 

 180 

Transmission of cluster 1 was sustained from the first week of term until a national lockdown 181 

was enforced on 5th November. Students testing positive in the two weeks around lockdown 182 

reported common exposure events predominantly linked to nightclub venues (25/59 (42.4%) 183 

of exposures external to the university reported by 48 students). Venue A, identified above 184 

as the possible source of dispersion of this cluster at the start of term, was also the most 185 

common venue identified in the two weeks around lockdown (n=16). 9/16 cases had 186 

sequences in cluster 1, and a further 5 individuals (where no sequence was available) were 187 

household contacts of sequenced cases in cluster 1 (Extended Data Figure 5). 188 

 189 

To determine the impact of lockdown and other control measures within the university, a 190 

birth-death skyline model14 was used to measure changes in the effective reproduction 191 

number (Re) within cluster 1. The model indicated an initial Re at the start of term that was 192 

slightly larger than 1, albeit with wide uncertainty (median 1.11; 95% HPD: 0.24-2.08 on 5th 193 

October). Over the next 2 weeks Re continued to rise (median 1.54; 95% HPD 1-2.22 on 15th 194 

October) followed by a subsequent gradual decline over the next 2 weeks (Figure 5a). 195 
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There was a rise immediately prior to the start of lockdown (median 1.53; 95% HPD 1.24-196 

1.84 on 5th November), followed by a steep decrease thereafter (median 0.25; 95% HPD 197 

0.09-0.44 on 19th November) (Figure 5a), consistent with declining absolute numbers of 198 

SARS-CoV-2 infections seen during this time (Figure 2c). The model estimated the median 199 

effective infectious period for individuals in the cluster at 2.91 days (95% HPD: 2.38-3.47 200 

days) (Figure 5b). As the model does not explicitly incorporate an incubation period and 201 

assumes that individuals cannot transmit after being sampled, the effective infectious period 202 

represents the mean time from infection until testing positive and assumes perfect infection 203 

control measures thereafter. Estimates of Re and the effective infectious period are robust to 204 

model parameterisations (Extended Data Figures 6 and 7). Sampling proportion estimates 205 

largely overlap with empirical estimates based on the number of positive cases that were 206 

sequenced during each week (Figure 5c). Although sampling proportion estimates are 207 

sensitive to the prior specifications, Re estimates are unaffected (Extended Data Figure 8).   208 

 209 

Transmission within university households 210 

There was evidence of transmission of SARS-CoV-2 in student accommodation in 18/34 211 

university clusters. In cluster 1, 169/337 (50.1%) students had a virus genome sequence 212 

identical to at least one other student living in the same or neighbouring household (sub-213 

clusters within 0 SNPs ranging between 2-11 students).  214 

 215 

The largest cluster associated with transmission in accommodation was cluster 2 (lineage 216 

B.1.36). By term week 3, this cluster involved 30 students, of which 24 (80%) lived in the 217 

same accommodation block in College A and 4 students lived in 2 separate households in 218 

the same college (Extended Data Figure 9). Interventions from the university, supported by 219 

local public health authorities, included isolation of all households in the main 220 

accommodation block and individual screening offered to all students. Half of all cases in this 221 

cluster were diagnosed by asymptomatic screening. No further genomically-related isolates 222 
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were identified after term-week 3, indicating a successful intervention, and cessation of 223 

transmission. 224 

 225 

To quantify the importance of household transmission, a Reed-Frost Chain Binomial Model 226 

was employed to estimate the household attack rate. 265 households in which the data were 227 

consistent with only 1 introduction of SARS-CoV-2 were identified using A2B-COVID. The 228 

per household contact probability that an infected person passed on the virus to an 229 

uninfected individual within the same household was estimated at 7.8% (95% C.I. 6.9-8.7%).  230 

 231 

Further genomic clusters where transmission between household members was implicated 232 

are outlined in supplementary table 1. They follow similar patterns, with groups of cases 233 

confined to a single college not leading to sustained transmission.  234 

 235 

Other transmission routes among university members  236 

In addition to household transmission, there was evidence of viral spread between students 237 

in the same course and year of study in 14/34 genomic clusters, with the highest proportion 238 

being students in their first year of study. In cluster 1, 203/337 (60.2%) students had an 239 

identical isolate to at least one other student studying the same course in the same year 240 

(cluster size range 2-14 students). Statistical modelling using data from cluster 1 across the 241 

term showed a bias towards infections being observed in first year students (p-value=0.002) 242 

(Extended Data Figure 10, model details in supplementary methods). Two further small 243 

clusters comprise postgraduate students working in the same university department.  244 

 245 

However, we were not able to determine the probable location of transmission in most 246 

cases: there is considerable overlap between course and household clusters, as well as 247 

complex social and study networks between students (illustrated in supplementary table 1, 248 

for example in clusters 3, 4 and 10). Of note, 23/34 clusters with 2 or more genomically 249 
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linked cases in the dataset contained at least one university member that could not be 250 

epidemiologically linked with any other case in their cluster.  251 

   252 

The number of SARS-CoV-2 sequences from university staff members were limited in 253 

comparison to students (n=30). There was evidence of transmission between staff members 254 

working in the same department, college or ancillary role in four genomic clusters. Two 255 

clusters contained staff members who shared the same household. There are 8 clusters 256 

involving both university staff and students. However, epidemiological associations between 257 

these two groups could only be identified in one cluster: a shared household between a 258 

student and staff member working in separate university departments. 259 

 260 

Transmission between the university and local community  261 

We next sought to address the degree of transmission between the university and the local 262 

community. Two distinct phylogenetic approaches, shown in figure 2, demonstrate 263 

segregation of the majority of community and university cases into separate clusters and 264 

therefore a lack of substantial cross-transmission. Of the 198 clusters across the dataset, 29 265 

(14.6%) contained both university and community cases. Only 6 clusters contained 5 or 266 

more university cases and included 3 or more community cases. 267 

 268 

CIVET was run separately with university and hospital (patient and healthcare worker) cases 269 

for a focused phylogenetic analysis of this setting. Associations were identified between 270 

university and hospital settings, with 17 clusters involving both university members and 271 

either patients or staff. Cluster 1 (69.6% of student cases), contained only 1 patient and 1 272 

healthcare worker with no identifiable epidemiological link to students. The remaining 16 273 

clusters comprised 133 individuals, including 26 patients, 55 hospital staff or their family 274 

members and 52 university members (including 18 staff and 15 clinical medical students). 275 

The second largest cluster of university members (n=21 university and hospital cases) 276 
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included 9 medical students, 5 healthcare workers and 2 patients. Phylogenetically, the 277 

medical students and one of the healthcare workers were closely linked (Extended Data 278 

Figure 11) and analysis of these cases with A2B-COVID confirmed plausible transmission. 279 

All 9 medical students were on clinical rotations at the time of diagnosis of the index case; 280 

7/9 lived in neighbouring households in the same college and the remaining 2 were named 281 

contacts of the index student.  Plausible transmission events between this group and the 282 

other cluster members were refuted using A2B-COVID (Extended Data Figure 11). 283 

 284 

To further investigate epidemiological associations in clusters involving university members 285 

and the local community, 1243/1455 of the cases sequenced over the sampling period were 286 

linked to national contact tracing data (excluding hospital cases). 219 (17.6%) cases 287 

reported 127 common exposure events. Cluster 1, representing 69.6% of cases within the 288 

university, included only 18/976 (1.8%) community cases; only one community case had a 289 

common exposure with a university student, dining at the same restaurant. No other 290 

epidemiological links were identified in all other genomic clusters. Transmission suspected in 291 

19 epidemiologically linked clusters defined by common exposures was refuted by 292 

phylogenetic variation. 293 

 294 

Discussion 295 

We report the first comprehensive and integrated epidemiological and genomic analysis of 296 

SARS-CoV-2 transmission in a higher education setting. Following a limited number of 297 

introductions, the majority of cases were linked to a single genetic cluster, that was likely to 298 

have dispersed across the university following multiple social gatherings at a nightclub. 299 

There was considerable transmission associated with student accommodation and student 300 

courses, but minimal evidence of transmission in departments, or between students and 301 

staff. We observe the great majority of transmissions occur either within the university or 302 
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within the local community. Finally, we present evidence demonstrating the efficacy of 303 

university measures and national lockdown in reducing COVID-19 cases.  304 

 305 

Nearly 70% of all university cases belonged to one genetic cluster (cluster 1), introduced into 306 

the UoC by the arrival of students and likely forming a single transmission chain. A nightclub 307 

was implicated as an important transmission event at the start of term and again prior to 308 

lockdown. This corroborates previous studies identifying such venues as a risk factor for 309 

substantial SARS-CoV-2 transmission15,16. We urge a cautious approach to access of such 310 

venues during a SARS-CoV-2 pandemic, particularly in the context of a young susceptible 311 

student population.  312 

 313 

Our data showed a significant rise in the effective reproduction number coinciding with the 314 

announcement of a national lockdown on 31st October to begin on 5th November 2020. This 315 

supports the need for a targeted public health campaign to limit higher risk activities prior to 316 

the implementation of socially restrictive measures. National lockdown dramatically reduced 317 

transmission, demonstrating both compliance and an effective control strategy. 318 

 319 

Multiple findings in this study demonstrate the efficacy of university strategies to control 320 

transmission. First, we highlight a limited number of introductions and low lineage diversity in 321 

the university compared to the surrounding community. While natural extinction of lineages 322 

is relatively common17, multiple genomically diverse clusters may be expected given the 323 

congregation of students from across the globe (international students make up 35% of 324 

students in college accommodation11. The lack of diversity may reflect the impact of robust 325 

and widely implemented university infection control measures, such as social distancing, 326 

mask wearing and quarantine of international students at the beginning of term. 327 

 328 

Further, although we have demonstrated that transmission between students in the same 329 

accommodation block is an important factor in the spread of SARS-CoV-2, we report a lower 330 
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secondary household attack rate (7.8%) than that identified in domestic households (16.6%-331 

21.1%)18,19, a lower than expected effective infectious period (2.9 days)20, and a successful 332 

reduction of the effective reproduction number in the university to below 1 after an initial rise 333 

at the start of term. In multiple clusters, transmission in student households was successfully 334 

interrupted through measures provided by the university, including rapid case identification 335 

through asymptomatic screening and the availability of symptomatic testing, contact tracing 336 

and comprehensive support provided by colleges for cases and their contacts while in 337 

isolation. In identifying considerable transmission between students on the same course, we 338 

suggest that further mitigation of viral spread may be obtained by implementing shared 339 

student accommodation based on university courses.  340 

 341 

Finally, we observed limited transmission between the university and the local community. 342 

The largest university cluster, accounting for the majority of student infections, was largely 343 

phylogenetically distinct from community cases. Further, epidemiological evidence 344 

describing common exposures for community and university cases was sparse. However, 345 

clinical medical students were disproportionately represented within community clusters. 346 

This is an important epidemiological link between secondary care and the university; we 347 

highlight this group as being at-risk for both acquisition and transmission of SARS-CoV-2 348 

and medical students should therefore be prioritised for interventions such as vaccination. 349 

 350 

A combination of contact tracing and genomics was instrumental to understanding 351 

transmission within the university and with its surrounding population; we advocate for a 352 

combined genomic epidemiological approach to inform outbreak investigations. 353 

 354 

This study has a number of limitations. Incomplete sampling and subsequent sequence 355 

filtering in both the university and community should be considered when interpreting 356 

transmission; the asymptomatic and active case ascertainment in this study should mitigate 357 

this discrepancy. The lower community case ascertainment may result in unobserved 358 
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transmission chains. We highlight shared student courses as a risk factor for transmission; 359 

this does not take into account the setting of transmission, i.e. during educational or social 360 

activities.  Finally, the UoC is distinct in its collegiate structure with limited integration with 361 

the community; any generalisation of conclusions should be tempered by the study setting. 362 

 363 

Conclusion 364 

We present the first comprehensive integrated epidemiological and genomic evaluation of 365 

transmission of SARS-CoV-2 within a university. The insights gained will inform public policy 366 

regarding infection control measures in higher education settings. We find containment of 367 

transmission in student accommodation necessary to mitigate onward propagation. We 368 

highlight the importance of targeted public health measures towards nightclub venues to limit 369 

transmission. Critically, these findings are likely to be informative for future pandemic 370 

preparedness. 371 

 372 

Methods 373 

Study Setting 374 

The UoC has approximately 23,000 students and 12,600 staff. The university is divided into 375 

31 colleges and 150 departments, faculties and other institutions. Students belong to a 376 

college community, as well as being members of the university and an academic 377 

faculty/department. Colleges provide residential accommodation for approximately two thirds 378 

of students, either on campuses or in off-site housing, and offer social and sports activities, 379 

pastoral and academic support for each individual21. All Colleges have membership from 380 

students across multiple courses. The university is based in the City of Cambridge (which 381 

has an estimated population of 123,90022), in the county of Cambridgeshire (estimated 382 

population 855,796 people in 201923) in the East of England. 383 

 384 
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Participants and samples 385 

Samples were derived from university symptomatic testing and asymptomatic COVID-19 386 

screening programmes between October 5 2020 and December 6 2020, covering the full 387 

term. Testing for all symptomatic students and staff was available on weekdays. The 388 

asymptomatic screening programme has been described in detail elsewhere11. In brief, 389 

screening was offered on a voluntary basis to all students residing in accommodation owned 390 

or managed by a college or the Cambridge Theological Federation. In total, 15,561 students 391 

were eligible to participate. To optimise testing efficiency, multiple swabs were pooled into 392 

the same tube of viral transport medium at the time of sample collection. Testing pools 393 

varied in size from 1 to 10 students, with each devised to include one or more student 394 

households as far as possible11. In this study, households are defined as individuals who 395 

share a kitchen, bathroom and/or lounge facilities. The members of any pool testing positive 396 

were re-tested using individual confirmatory PCR tests to confirm the result and identify the 397 

positive subject(s) (see supplementary methods for further details including infection 398 

prevention control measures). Only samples from individuals that were confirmed positive 399 

upon the re-testing were used for sequencing. 400 

 401 

SARS-CoV-2 strains circulating in the local community were identified from the COG-UK 402 

dataset for Cambridgeshire. These data were derived from local community samples from 403 

non-hospitalised, symptomatic individuals, who requested a free diagnostic test via national 404 

community testing. Other samples were derived from patients treated at three 405 

Cambridgeshire hospital trusts: Cambridge University Hospitals NHS Foundation Trust (a 406 

teaching hospital providing secondary care services for Cambridge and the surrounding area 407 

as well as tertiary referral services for the East of England and surge capacity for COVID-408 

19); Royal Papworth Hospital NHS Foundation Trust (specialist heart and lung hospital, also 409 

providing surge capacity for COVID-19); Cambridgeshire and Peterborough NHS Foundation 410 

Trust (provider of community, mental health and learning disability services 411 
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in Cambridgeshire). Hospital samples were obtained from both asymptomatic screening and 412 

those exhibiting COVID-19 symptoms. Finally, samples were derived from the asymptomatic 413 

HCW programme at Cambridge University Hospitals24.  414 

 415 

Sequencing 416 

Positive samples from UoC testing with a PCR cycle threshold value ≤33 were selected and 417 

sequenced using the GridION platform (Oxford Nanopore). All Cambridgeshire samples 418 

sequenced between 24th September and 21st December 2020 were included to overlap with 419 

the university term. Samples from the local Cambridgeshire community and hospital cases 420 

(described above) were collected as part of national SARS-CoV-2 testing, and sequenced at 421 

one of seventeen COG-UK sequencing sites (further details in supplementary methods). The 422 

samples were prepared using either the ARTIC25 or veSeq26 protocols, and were sequenced 423 

using Illumina or Oxford Nanopore platforms. Genomic data were filtered to exclude 424 

sequences with >5% ‘N’s and those of spuriously low file sizes (<29KB). Genomes were 425 

aligned with minimap227 to the Wuhan Hu-1 reference genome (MN908947.3), collected 426 

December 2019. All samples were processed through COVID-CLIMB pipelines28,29.  427 

Protocols are available at https://github.com/COG-UK. 428 

 429 

Phylogenetic analysis 430 

Maximum likelihood phylogenetic trees were estimated using IQ-TREE (version 2.1.2 431 

COVID-edition)30 and rooted using Wuhan Hu-1 (MN908947.3) as an outgroup. The tree 432 

was constructed using the GTR+ Γ substitution model31, as determined by ModelFinder32. 433 

Branch support statistics were generated using the ultrafast bootstrap method33. TempEst34 434 

was used to explore the temporal signal in the data. Trees were visualised, explored, and 435 

labelled with associated metadata using Microreact35 to identify epidemiological links 436 

supported by the genomic data. Specified mutations were identified using type_variants 437 

(https://github.com/cov-ert/type_variants). Possible transmission clusters were defined by 438 

https://github.com/COG-UK
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extracting phylogenetic neighbourhoods identified using the CIVET tool (version 2.1.0) on 439 

2021-01-11 (https://github.com/artic-network/civet). In selected clusters, further evaluation 440 

was conducted using A2B-COVID36. Where indicated, collapsed nodes from trees generated 441 

from CIVET were inspected to visualise data in the context of the COG-UK national 442 

database (https://www.cogconsortium.uk/) For further evaluation of transmission in the 443 

largest cluster identified by CIVET, pairwise SNP differences between sequences were 444 

determined using SNP-dist (version0.7.0) (https://github.com/tseemann/snp-dists). 445 

 446 

Lineages 447 

Global Pango Lineages37 were assigned to each genome using Pangolin v2.1.6 448 

(https://github.com/cov-lineages/pangolin) with analyses performed on COVID-CLIMB29 449 

(further details in supplementary methods).  450 

 451 

Molecular clock and phylodynamic analyses  452 

BEAST v1.10.438 was used to perform a time-scaled phylogenetic analysis using an 453 

exponential growth coalescent treeprior and an HKY+ Γ substitution model including all 454 

university and community high-quality genomes from the study period. As there was a lack 455 

of clear temporal signal in our dataset due to the relatively short time period analysed, the 456 

substitution rate was fixed to 1x10-3 substitutions per site per year (s/s/y) under a strict clock 457 

model39 Two chains of 50 million iterations were run independently to ensure convergence to 458 

the correct posterior distribution. Convergence was assessed using Tracer40, and 10% of 459 

states were removed to account for burn-in. Finally, a maximum clade credibility (MCC) tree 460 

was generated using TreeAnnotator. 461 

 462 

To estimate the effective reproduction number (Re) and infectious period of SARS-CoV-2 463 

over the term, a dominant clade (representing 69.6% of all university genomes) was selected 464 

and all community genome sequences that cluster with it incorporated, resulting in a total of 465 

https://github.com/artic-network/civet
https://www.cogconsortium.uk/
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354 genomes. A Bayesian birth-death skyline (BDSKY) model14 was employed using BEAST 466 

v2.6 41. An HKY substitution model was used along with a strict clock model, placing a 467 

lognormal prior with mean 1x10-3 s/s/y (in real space) and standard deviation 0.1 on the 468 

clock rate. A lognormal prior with mean 0 and standard deviation 1 was placed on Re and a 469 

Beta prior with 𝛼𝛼=5 and 𝛽𝛽=5 was placed on the sampling proportion. Re was parameterised 470 

into 20 epochs, equidistantly spaced between the origin time and the most recent sequence 471 

collection date. The sampling proportion was fixed to 0 before the first week of term and 472 

estimated for each week thereafter. The rate at which infected patients become non-473 

infectious was assumed to be constant and a lognormal prior with mean 48.7 years-1 (in real 474 

space) and standard deviation 0.25 was placed on it, resulting in a prior mean effective 475 

infectious period between ~5 and ~15 days. To test the robustness of the posterior estimates 476 

different parameterisations were used for Re and the sampling proportion, and the sampling 477 

proportion prior was varied. Further details are provided in the supplementary methods. For 478 

all models two chains of 500 million iterations were run independently. Convergence was 479 

assessed using the R-package coda 42, and 10% of states were removed to account for 480 

burn-in. MCC trees were generated using TreeAnnotator.  481 

 482 

Household attack rates 483 

A2B-COVID was used to exclude households for which the sequence and epidemiological 484 

data were inconsistent with a single viral introduction to the household. A chain binomial 485 

model was then used to estimate the probability that an infected person transmitted the virus 486 

to an uninfected person within the same household (further details in supplementary 487 

methods). 488 

 489 

Epidemiological data 490 

University student demographic data were derived from the UoC student electronic record 491 

system CamSIS, and household structure and membership data from the UoC 492 
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asymptomatic screening programme. To identify university affiliated cases (students and 493 

staff) and hospital staff accessing the national SARS-CoV-2 testing service, Second 494 

Generation Surveillance System (SGSS) and contact-tracing data provided by NHS Test and 495 

Trace (T&T) data were interrogated. Epidemiologically linked ‘common exposures’ for 496 

students, university staff and the local community were identified through T&T data. 497 

Common exposures were defined by T&T as locations or events that two or more people 498 

testing positive for COVID-19 visited in the same two to seven day period before symptom 499 

onset or positive test. Additional contact tracing information was also provided by the UoC 500 

COVID helpdesk. These data were compared with observed phylogenetic clusters to 501 

determine potential sources of transmission and determine the extent of transmission 502 

between the university and community.  503 

 504 

Epidemiological data from UoC were initially compiled in Microsoft Azure SQL and Excel 505 

2013 (Microsoft) and analysed in STATA 14.2 (College Station, TX, USA). 506 

 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 
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Figure 1 – Study cohort and available genome sequences 604 
*Includes 14 students identified through ad hoc asymptomatic screening conducted as part 605 
of an outbreak investigation by the University of Cambridge in conjunction with local public 606 
health authorities, responding to increased rates of infection in a block of student 607 
accommodation (described in further detail in cluster 2 below). **includes 2 students 608 
associated with a single sequenced pooled sample (see supplementary methods). CUH = 609 
Cambridge University Hospitals 610 
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788 cases identified through University testing: 
     260 through asymptomatic screening* 
     528 through symptomatic testing 

670 samples considered for sequencing 

200 samples not available 

446 sequences with high quality genomes 

108 samples with CT value >33 

482 sequences from University members: 
     453 students** 
     30 staff 

24 University cases sequenced from 
community testing 

12 University cases sequenced from CUH 
healthcare worker testing programme 

34 attempted sequencing but  
did not pass quality control 

972 sequences from the local community: 
     747 general public 
     121 healthcare workers 
     104 patients 
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211 sequences 
from hospital 
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Figure 2a: Maximum likelihood tree showing that the majority of lineages from 670 
university isolates were distinct from community isolates. The node leaves (branch tips) 671 
show case location and global PANGO lineage is illustrated in the vertical bar. 672 
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Figure 2b: Time-scaled coalescent tree including university members and local 719 
community isolates from study period with visible segregation between the two 720 
groups. College affiliation is shown for university members in the second set of vertical 721 
columns, highlighting the ‘top nine’ colleges by cluster 1 prevalence. 722 
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Figure 2c: Epidemic curves demonstrating a steeper decline in SARS-CoV-2 cases in 769 
the University of Cambridge (i) compared to the local community (ii), with associated 770 
lineages. Only cases with available genomes are included. University term ran from the 771 
week commencing October 5 to the week commencing November 30. The light blue shaded 772 
area reflects a 4-week national lockdown in the UK, which was associated with a large fall in 773 
COVID-19 cases in University students. Specific lineages highlighted are the 4 largest 774 
lineages within the University (minimum 20 cases over the study period) and the community 775 
(minimum 50 cases over the study period). For (i), weekly individual case ascertainment for 776 
staff and students testing positive for SARS-CoV-2 through both symptomatic and 777 
asymptomatic testing pathways provided at the University of Cambridge is indicated. For (ii), 778 
weekly cases with genomes available from the local community are shown. 779 
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Figure 3a: Time-scaled phylogenetic tree of largest university cluster (cluster 1) 827 
derived from the BDSKY model implemented in BEAST 2.6 (see Figure 5). The left-828 
sided heatmap is coloured by case location, and the right-sided heatmap is coloured by 829 
student college affiliation, highlighting the ‘top nine’ colleges by cluster 1 prevalence. Cluster 830 
1 was widely dispersed across the university with limited transmission into the community. 831 
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Figure 3b: Frequency of Lineage B.1.160.7 (to which cluster 1 belongs) in each region 873 
of the UK and the University of Cambridge. Regions are defined as ‘Nomenclature of 874 
territorial units for statistics’ (NUTS) regions, where the UK has 9 regions. It is visible that the 875 
lineage B.1.160.7 was first sequenced in Wales, and then in the neighbouring South West of 876 
England, before becoming prevalent within the University of Cambridge. The lineage 877 
remained infrequently detected in the community populating the wider surrounding region 878 
(East Anglia, Bedfordshire and Hertfordshire, and Essex, making up East of England) 879 
throughout the university term. 880 
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Figure 3c: A continuous transmission chain of SARS-CoV-2 infections in cluster 1 929 
commenced with a single introduction. Relationships between individuals in cluster 1 930 
were calculated within A2B-COVID. Colours denote potential transmission events from the 931 
donor (vertical axis) to the recipient (horizontal axis) that are consistent with transmission 12 932 
or which are borderline possibilities (yellow). The plot shows that the data are consistent with 933 
a continuous transmission chain of SARS-CoV-2 infections in cluster 1 occurring via a single 934 
introduction. 935 
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Figure 4: Demographics of Cluster 1 across the 1st university term. A) Cumulative 995 
number of colleges involved in the cluster. Cases included in this cluster were between a 996 
number of colleges early during the university term. B) Frequency of cases involved in the 997 
cluster by course type. C) Frequency of cases involved in the cluster by year of study.  998 
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 1002 
 1003 
Figure 5: A 20-epoch birth-death skyline model shows the effect of local infection 1004 
control measures and the national lockdown on the effective reproduction number 1005 
(Re), and estimates of the mean effective infectious period as 2.9 (95% HPD=2.4-3.5) 1006 
days. (A) Re posterior estimates (dark shading=50% HPD; light shading=95% HPD). The 1007 
dotted line indicates the start of term and the light blue shaded area the 4-week national 1008 
lockdown in the UK, which was associated with a large fall in COVID-19 cases in University 1009 
students. The red dashed line indicates Re=1. (B) Effective infectious period posterior 1010 
estimates (shaded region=95% HPD; dashed line=median). (C) Weekly sampling proportion 1011 
posterior estimates (dark shading=50% HPD; light shading=95% HPD). The red dashed line 1012 
indicates the empirical sampling proportion estimates for each week in term (number of 1013 
sequenced genomes from all University clusters divided by the number of positive tests 1014 
among University staff and students).  1015 
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Extended Data Figures 
 

 
 
Extended Data Figure 1: Bar chart demonstrating the total number of Cambridgeshire 
cases including local community, university and hospital (light blue) and corresponding 
numbers of high-quality sequences available for the study. 
 
 
 



 
 
Extended Data Figure 2: Box plot to demonstrate difference in cycle threshold (Ct) values 
of those samples passing quality control (QC) thresholds to meet sequence inclusion criteria 
(<5% ‘N’ count and > 29000Kb file size) and those that did not. The difference between the 
Ct values of samples that passed QC versus those that did not was not significant (two-
sample t-test, p = 0.27) 
 



 
Extended Data Figure 3: Proportion of Lineage B.1.160.7 (to which cluster 1 belongs) 
sequences in each region of the UK. Regions are defined as ‘Nomenclature of territorial 
units for statistics’ (NUTS) regions, where the UK has 9 regions. Lineage B.1.160.7 was first 
sequenced in Wales, and then in the neighbouring South West of England, before the 
greatest proportion are found to be within the University of Cambridge.  
 
 
 
 
 
 
 



  
Extended Data Figure 4: The SNP difference among university students was much lower 
(Wilcoxon signed-rank test, p-value < 2.2e-16) than among the rest of the Cambridgeshire 
community, reflecting the establishment of fewer persistently transmitting lineages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extended Data Figure 5: Maximum Likelihood Tree of all isolates in the study 
demonstrating phylogenetic association of positive SARS-CoV-2 cases associated 
with Venue A. Venue A attendees (pink node leaves/tree tips) and household contacts of 
individuals who visited Venue A (green node leaves/tree tips) but were not sequenced are 
highlighted on the tree, located on Cluster 1. This venue was implicated as a possible 
source for the dispersion of SARS-CoV-2 across the university and increased transmission 
in the weeks around national lockdown. The vertical panel represents cases by location 
(general community and university affiliated members). 
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Extended Data Figure 6: Parameter estimates of cluster 1 with the birth-death skyline 
model when Re is parameterised into 20 equidistantly spaced epochs, under different 
parameterisations of the sampling proportion: (A-C) fixed to the empirical estimates (number 
of sequenced genomes from all University clusters divided by the number of positive tests 
among University staff and students), (D-F) fixed to 0 before the start of term and estimated 
for each week thereafter, and (G-I) fixed to 0 before the first week of term and assumed to 
be constant thereafter. See the caption of figure 5 for further details. 
 
 

 
Extended Data Figure 7: Parameter estimates of cluster 1 with the birth-death skyline 
model when Re is estimated for each week of term, under different parameterisations of the 
sampling proportion: (A-C) fixed to the empirical estimates (number of sequenced genomes 
from all University clusters divided by the number of positive tests among University staff 
and students), (D-F) fixed to 0 before the start of term and estimated for each week 
thereafter, and (G-I) fixed to 0 before the first week of term and assumed to be constant 
thereafter. See the caption of figure 5 for further details. 
 
 



 
 
Extended Data Figure 8: Parameter estimates of cluster 1 with the birth-death skyline 
model when the sampling proportion prior is varied: (A-D) Beta(2.5, 7.5), (E-H) Beta(5,5), 
and (I-L) Beta(7.5, 2.5). See the caption of figure 5 for further details.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
Extended Data Figure 9: Cluster 2 highlighted on a maximum likelihood tree of university 
cases, with associated CIVET cluster output demonstrating close phylogenetic relatedness  
 
 
 
 
 
 
 



 
 

 
 
Extended Data Figure 10: Simulation of number of 1st year cases expected to be seen by 
random chance in the large University Cluster (cluster 1). The data shows an over-
representation of individuals with start year 2020 in the data (vertical black line) compared to 
the neutral expectation (histogram) (p-value 0.998). 
 



 
 
Extended Data Figure 11: CIVET phylogenetic tree of a Cambridge Universities Hospital 
(CUH) cluster amongst healthcare workers (HCW) and medical students, with associated 
A2B-COVID output. Both demonstrate a large cluster of individuals linked to the hospital 
setting, with consistent transmission seen between multiple medical students and a HCW 
and separately between a group of patients and HCWs. 
 



Supplementary Methods and Results 

 

Study Setting  

Colleges 

All students live, eat and socialise in one of the university’s 31 autonomous colleges. 

Undergraduates receive supervisions (small group teaching sessions) in their colleges. Most 

colleges admit both undergraduate and postgraduate students1.  

 

Households 

In this study, households are defined as individuals who share a kitchen, bathroom and/or 

lounge facilities, in line with national and UoC guidance distributed to all colleges.  

 

Course structure 

Course groupings are defined as2: 

·        Undergraduate arts and humanities – undergraduate students in the School of Arts 

and Humanities and the School of Humanities and Social Sciences 

·        Undergraduate science and technology – undergraduate students in the School of 

Biological Sciences, the School of Physical Sciences and the School of Technology 

·        Postgraduate vocational courses – students in clinical medicine, clinical veterinary 

medicine and postgraduate certificates in education 

·        Other postgraduate courses – all other postgraduate students, including those in 

doctoral and masters programmes. 

 

Year group structure 

This is described in more detail elsewhere3. 



 

Community 

The University of Cambridge is situated in the city of Cambridge, Cambridgeshire. 

Cambridgeshire has a total population estimate for 2019 of 855,796, with approximately 

428,132 (50%) males4. 90.3% of the population identified as White in the last population 

census5. 

 

University participants and samples 

Isolates for this study were derived from the symptomatic testing programme and 

asymptomatic COVID-19 screening programmes within the UoC between 5 October 2020 

and 6 December 2020, covering the full term. Testing for all symptomatic students and staff 

within the university has been available on all weekdays from 5th October. The asymptomatic 

screening programme has been described in detail elsewhere3. In brief, during the study 

period screening was offered on a voluntary basis to all students resident in accommodation 

owned or managed by a College or the Cambridge Theological Federation. In total, 15,561 

students were eligible to participate. To optimise efficiency of testing, swabs were pooled 

into the same tube of viral transport medium at the time of sample collection. Testing pools 

vary in size from 1 to 10 students, based on student households3. The individual members of 

any positive pool were re-tested using individual confirmatory PCR tests. Only positive 

samples from the individual confirmatory tests were taken forward for sequencing. 

 

All SARS-CoV-2 tests for UoC students were performed by PCR in established 

UoC/AstraZeneca Cambridge COVID-19 Testing Centre in the Anne McLaren Building, 

Cambridge Biomedical Campus, part of the UK Lighthouse Labs Network, using the same 

procedures as those used in national community testing. All plates containing extracted RNA 

from university samples were shipped to the UoC Department of Medicine, so that positive 



samples with a Ct value ≤33 were picked and sequenced using the GridION platform 

(Oxford Nanopore)6 (see below). 

 

Confirmed individual cases were notified to NHS Test and Trace and the UoC COVID 

helpdesk for parallel contact tracing efforts. In all cases, isolation of cases and contacts was 

in accordance with UK national guidance. In brief, households of confirmed cases 

quarantined for 14 days, while the cases themselves self-isolated for 10 days from date of 

symptom onset, or date of test, if asymptomatic. Colleges provided support for student 

isolation; the nature of this support varied between colleges and households, but included 

provisions such as food and drink, educational and psychological support where required. 

 

In addition to offering symptomatic testing and asymptomatic screening, UoC supported a 

number of COVID-19 reduction measures during the study period. These included: the use 

of face coverings in work or study settings, indoor meetings and teaching sessions lasting 

longer than 15 minutes; widespread promotion of hand washing and availability of virucidal 

hand sanitisers; guidance on social distancing for all individuals apart from household 

contacts, to a minimum of 2 metres; moving lectures and other large group teaching online. 

These measures were supported by the “StaySafeCambridgeUni” publicity campaign.  

 

Announced on October 31 2020, a national lockdown was declared by the UK government 

on November 5 which lasted until December 1. Stricter restrictions were put in place during 

this time, including the closure of all hospitality venues, limitations on mixing between 

households and movements outside the home unless for essential activities (such as 

shopping or medical care) or physical exercise. 

 



Cambridge University Hospital sample selection 

CUH samples underwent one of two testing methods as they became available during the 

study. In method one samples underwent nucleic acid extraction and were tested for 

presence of SARS-CoV-2 using a validated in-house RT qPCR assay developed by Public 

Health England Clinical Microbiology and Public Health Laboratory (CMPHL)7. The test was 

reported as SARS-CoV-2 PCR positive if the cycle threshold (Ct) value was ≤36. Method 

two utilised an automated, proprietary PCR based assay (Hologic, Panther) validated to the 

CMPHL in-house RT qPCR assay. SARS-CoV-2 positive samples were considered to be 

any sample with an RLU value ≥600.  

All PCR-positive diagnostic samples were identified and transferred from the CMPHL to the 

Division of Virology for nanopore sequencing. All CUH samples were selected for 

sequencing. Samples from methods two and three underwent additional RNA extractions to 

isolate viral RNA from proprietary solutions. 

 

Sample preparation for sequencing of University of Cambridge and CUH samples 

Samples identified were sequenced using a multiplex PCR-based approach according to the 

modified ARTIC v2 protocol and with either the v2 or v3 primer set as they became 

available8. Sample preparation, barcoding, adapter ligation and clean up were completed 

according to the modified ARTIC v2 protocol as it was developed8. As a correlation between 

amplicon concentration and genome coverage was established, an additional quality control 

step was created to screen out samples with amplicon concentrations lower than 5 ng/µL.  

 

Sequencing and assembly of University of Cambridge and CUH samples 

Amplicon libraries were sequenced using MinION flow cells v9.4.1 (Oxford Nanopore 

Technologies, Oxford, UK). Genomes were assembled using reference-based assembly to 

the MN908947.3 sequence and the ARTIC bioinformatic pipeline using 20x minimum 



coverage cut-off for any region of the genome and 50.1% cut-off for calling single nucleotide 

polymorphisms (Loman et al. 2020; Meredith et al. 2020; Wu et al. 2020). 

 

Metadata association and quality control of University of Cambridge and CUH samples 

Assembled genomes were associated to demographic, clinical, and laboratory data by 

CMPHL and uploaded to the Medical Research Council (MRC) Cloud Infrastructure for 

Microbial Bioinformatics Samples (CLIMB) database9. Samples with ≥70% genome 

coverage and associated metadata were accepted by the COG-UK. Samples with ≥90% 

genome coverage and associated metadata were further uploaded to the Global Initiative on 

Sharing All Influenza Data (GISAID)10. Samples with ≥95% genome coverage were included 

in the study for phylogenetic analysis. 

 

Additional sequences derived for from pooled testing term week 1 

Individual samples from students identified as being SARS-CoV-2 positive through 

asymptomatic screening were not available for the first week of term (week commencing 

5th October). Given the potential importance of identifying lineages present in the university 

in the first week of term, attempts were made to sequence all RNA extracts from the pooled 

samples where an individual positive student had been identified. This yielded an additional 

6 sequences derived from pooled samples, of which 5 samples were associated with 1 

individual positive student on confirmatory testing. One pooled sample was associated with 

two individual positive students, with individual CT values of 21.6 and 21.9.  

 

List of Definitions 

Cluster = A cluster was defined with default CIVET settings, extracting phylogenetic 

neighbours to represent a possible chain of transmission between isolates (within 2 nodes of 

one another). Further details are found on https://github.com/artic-network/civet. 



Sub-cluster = Isolates with ‘0’ SNP differences within a transmission cluster. Given the size 

of Cluster 1 and its transmission across the entire university term, the cluster was further 

evaluated to provide additional context to epidemiological data by grouping individuals with 0 

SNP differences between SARS-CoV-2 isolates.  

Lineage = Global Pango Lineages11 were assigned to each genome using Pangolin v2.1.6 

(https://github.com/cov-lineages/pangolin) with analyses performed on COVID-CLIMB9. 

Pango lineages are denoted with a letter followed by a hierarchy of up to 3 numbers, such 

as B.1.2.3, providing for a stable and consistent naming of clusters. These lineages are 

manually curated and assigned.    

 

Common Exposure = Locations or activities reported by two or more cases in the 2 to 7 day 

period before symptom onset or test date if symptom onset date is not provided. Events are 

matched based on activity/setting post code and event category. Data is gathered on 

household, workplace, education and recreational activities. Individuals are grouped into a 

common exposure when they matched to a location within a 7-day rolling period. Data is 

gathered by test and trace. Data was manually reviewed to ensure accuracy. 

 

Household = A university household included individuals in college accommodation with a 

shared bathroom, kitchen, or lounge facility. 

 

Birth-death skyline model robustness 

To evaluate the robustness of the Re and effective infectious period estimates of cluster 1 we 

used different parameterisations of the birth-death skyline model. The sampling proportion 

was (i) fixed to the empirical estimates (number of sequenced genomes from all University 

clusters divided by the number of positive tests among University staff and students), (ii) 

fixed to 0 before the start of term and estimated for each week thereafter, and (iii) fixed to 0 

before the first week of term and assumed to be constant thereafter (Extended Data Figure 



8). Next, Re was (i) parameterised into 20 epochs, equidistantly spaced between the origin 

time and the most recent sequence collection date, and (ii) assumed to be constant before 

the first week of term and estimated for each week thereafter (Extended Data Figure 8 and 

9). Finally, different sampling proportion priors were used, (i) Beta(2.5, 5), (ii) Beta(5,5) and 

(iii) Beta(7.5, 2.5) (Extended Data Figure 10). 

 

Cluster 1 Year Group Analysis 

We used a simulation-based method to evaluate whether the year in which a student began 

their studies was statistically related to the probability of their testing positive for COVID 

infection.  A substantial proportion of transmission events take place within a single 

household, and individuals of the same year group are potentially more likely to share a 

household.  For this reason we first assessed the relationship between starting year and 

sharing accommodation. 

 

From the list of students who were detected as being infected with COVID, we identified 

households in which more than one individual was infected, and for which information 

describing the start year of each student was available; this identified a total of 81 

households.  Across these households, 261 pairs of individuals within the same house 

existed, of which 234 were in the same year group.  This gave an estimated 90% probability 

that a pair of individuals in the same house were in the same year group. 

 

We next used a simulation method to evaluate the distributions of year groups of individuals 

within clade 160.  The starting years of individuals with viruses in clade 160 were identified.  

These were predominantly undergraduate students within their first three years of study.  

Starting years were distributed as follows: 

 



2020 162 

2019 85 

2018 74 

2017 or earlier 8 

Not available 6 

 

To evaluate the significance of the predominance of individuals who began their studies in 

2020, we compared the results above to those generated from a neutral model, in which 

students starting between 2018 and 2020 had a probability of being infected equal to the 

fraction of individuals of that year who participated in the study; the study included 3336 

individuals with start year 2020, 2673 with start year 2019, and 2434 with start year 2018. 

 

The household structures of students with start dates between 2018 and 2020 were 

identified, being classified as the number of infected students per household. 

 

Infections 1 2 3 4 5 6 7 

Households 146 34 8 4 8 2 1 

 

We conducted a repeated random sampling of the outbreak within this household structure.  

In each simulation we drew the start year of the first student in each household according to 

the fraction of individuals in that year who participated in the study.  The remaining cases in 

each household were then sampled, with a 90% probability of being of the same starting 

year as the first case, and chance of being in either of the two starting years calculated 



accordingly, and in proportion with the number of participating individuals of that year in the 

study.  

 

Running this sampling process 100,000 times provided an empirical distribution of the 

number of individuals in each year group expected under a neutral model, given the 

underlying household structure of the observed outbreak.  The data shows an over-

representation of individuals with start year 2020 in the data (line) compared to the neutral 

expectation (Extended Data Figure 8) (p-value 0.002). 

 

 

Household Secondary Attack Rates 

We combined genome sequencing and epidemiological data to estimate a within-household 

force of infection.  Firstly, the A2B-COVID package was used to identify households for 

which the sequence and timing information was consistent with a single introduction of the 

virus to the household, or when no sequence data was available, with timing data alone. 

Secondly, collecting data from each such household, a chain binomial model was used to 

estimate the probability that an infected person passed on the virus to an uninfected person 

within the same household. 

 

A2B-COVID 

The A2B-COVID package uses data from multiple sources to evaluate whether data from 

two individuals is consistent with direct transmission having occurred between those two 

individuals.  Given two individuals A and B, we denote the data by y, and X as the event that 

transmission took place from A to B.  We then calculate a conditional probability P(y|X), 

comparing this value to thresholds P0.95 and P0.99, which denote 95% and 99% thresholds for 

rejecting the hypothesis that transmission from A to B occurred.  From the data y we thus 

infer an estimate of whether the data are consistent with transmission from A to B (P(y|X) < 



P0.95), whether the data are unlikely to have been observed from a transmission event 

(P(y|X) ≥ P0.99), or whether an event is borderline (P0.95 ≤ P(y|X) < P0.99).   

 

For a given pair of individuals, we have that: 

𝑝𝑝(𝑦𝑦|𝐷𝐷,𝑋𝑋) = ∑𝑇𝑇 𝑃𝑃(𝑇𝑇|𝑆𝑆𝐴𝐴�,𝜃𝜃)𝑃𝑃�𝑆𝑆𝐵𝐵�|𝜃𝜃,𝑋𝑋𝑇𝑇�𝑃𝑃(𝐻𝐻𝐴𝐴,𝐻𝐻𝐵𝐵| 𝜃𝜃,𝐷𝐷,𝑋𝑋𝑇𝑇), 

where T denotes the time of transmission and XT is the event that transmission occurred on 

day T, ŜA is the estimated day on which individual A became symptomatic, HA is the 

Hamming distance from the viral sequence collected from individual A to the consensus of 

the sequences from A and B, D={DA,DB} describes the times at which viral sequences were 

collected from A and B, and θ is used as shorthand for a series of other parameters 

described below. 

 

𝑃𝑃(𝑇𝑇|𝑆𝑆𝐴𝐴, 𝜃𝜃)𝑃𝑃(𝑆𝑆𝐵𝐵|𝜃𝜃,𝑋𝑋𝑇𝑇) = �∫𝑇𝑇−𝑆𝑆𝐴𝐴+0.5
𝑇𝑇−𝑆𝑆𝐴𝐴−0.5

𝑒𝑒−(𝑥𝑥+𝑠𝑠)/𝛽𝛽(𝑥𝑥+𝑠𝑠)𝛼𝛼−1𝛽𝛽−𝛼𝛼

𝛤𝛤(𝛼𝛼) 𝑑𝑑𝑑𝑑� �∫𝑆𝑆𝐵𝐵−𝑇𝑇+0.5
𝑆𝑆𝐵𝐵−𝑇𝑇−0.5

𝑒𝑒
−(𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥)−𝜇𝜇)2

2𝜎𝜎2

𝑥𝑥𝑥𝑥√2𝜋𝜋
𝑑𝑑𝑑𝑑�. 

 

Here, we used parameters derived from previous literature: α=97.1875, β=0.2689, s=25.625, 

μ=1.434, and σ=0.661212-14. 

 

while  
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where E/2 is the estimated number of nucleotide errors in a viral genome sequence 

collected using the ARCTIC nanopore sequencing protocol, estimated in a previous 

publication as 0.41415, γG describes the expected number of substitutions per genome per 

day, calculated as 0.0655 using an estimate of the global rate of viral evolution16 , PA = 

max{0, DA - T} and QA = min{DA, T}. 



 

Chain binomial model 

Households of infected individuals in our study ranged in size from 1 to 18.  We first define 

the terms HN, the number of households of size N>1, and HNj, the number of households of 

size N>1 for which j individuals were infected. 

 

We next applied a simple Reed-Frost chain binomial model, presupposing multiple rounds of 

infection within the household.  We denote by p the probability that an infected individual 

infects a previously uninfected individual in the same household. 

 

If in round i of this process a total of ni individuals were infected, we have that there remain  

 

𝑀𝑀𝑖𝑖 = 𝑁𝑁 −�
𝑖𝑖

𝑎𝑎=1

𝑛𝑛𝑖𝑖 

 

individuals to be infected.  Further, the probability of one of those individuals being infected 

by an individual infected in round i is given by 

 

𝑞𝑞𝑖𝑖 = 1 − (1 − 𝑝𝑝)𝑛𝑛𝑖𝑖 

 

We may therefore say that ni+1 individuals are infected in round i+1 with probability 

 

𝑀𝑀𝑖𝑖!
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The above process terminates as soon as no individuals are infected in round i.  Using the 

above formulation, we denote the total number of individuals infected in a household, 𝑛𝑛 =

∑𝑖𝑖 𝑛𝑛𝑖𝑖, 

and calculate the conditional probabilities  

 

𝑃𝑃𝑁𝑁,𝑝𝑝
𝑘𝑘 = 𝑃𝑃(𝑛𝑛 = 𝑘𝑘|𝑁𝑁,𝑝𝑝) 

 

The likelihood of the value p is then given by the sum of multinomial likelihoods 
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A simple optimisation method was used to maximise this likelihood. 
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Supplementary Tables for University Genomics Paper 
 
Supplementary Table 1a. Summary of the 16 genomic clusters of two or more university cases, generated using the clustering tool 
CIVET (UoC = University of Cambridge; HCW = healthcare workers).  
 
 

Cluster Lineage Number of cases Epiweek in which cases identified Notes 
   Whole cohort UoC Community  

  Total UoC HCW Patients Community First 
Case 

Last 
Case 

First 
Case 

Last 
Case 

First 
Case 

Last 
Case 

 

1 B.1.160.7 354 337 1 1 15 41 49 41 49 43 48 See supplementary table 1b below 
2 B.1.36 32 30 0 0 2 41 43 42 43 41 41 Of the 30 university members: 24 were students living in the 

same accommodation block in College A; 4 were students 
living in different accommodation in the same College, 3 of 
whom were living in the same household; 2 students in 
different colleges had no identified associations with other 
cases in this cluster.  

3 B.1.177.16 35 20 0 0 15 41 50 42 47 41 50 Of the 20 university members: 5 belong to 2 households on 
neighbouring staircases in College B; 4 belong to 2 
neighbouring households in a different accommodation block 
in College B; 1 further student is resident in a different 
accommodation block in College B; 2 further cases from 
College C, and one from College D share the same course 
and year of study as a student from College B; the 2 students 
in College C are named contacts of each other in university 
contact tracing and share a common exposure with an 
individual at College B in national contact tracing; a student 
from College E lives in the same household as a student 
whose isolate did not sequence, but who is on the same 
course as the students from Colleges C and D and is named 
in university contact tracing by the student in College D; 2 
further students from College A live in the same household 
but, as with the remaining two students, have no identified 
epidemiological associations with any other student in this 
cluster. No further growth of the cluster is seen amongst 
students after week 3, but 2 infections are noted in week 7, 
both in university staff members who share a household. 

4 B.1.177 201 25 38 30 108 40 51 41 49 40 51 Of the 25 university members: 2 share the same household 
in College G; 1 student shares the same course and year of 
study as one of the students from College G; 2 students in 



separate colleges are in the same year and course as each 
other; 2 staff members work in the same college (no students 
are identified from this college) and live very close to one 
another; 4 students are clinical medical students in the same 
block of accommodation in College H; a 5th clinical medical 
student is from College H but lives in a different household 
and is in a different year of study; 7 are clinical medical 
students in neighbouring households in College I; 2 further 
clinical students in different colleges are named contacts of 
the index case in College I; 2 students and 2 staff members 
have no obvious association with anyone else in this cluster 

5 B.1.177 7 4 0 0 3 44 48 44 45 45 48 All 4 of the university members are students living in the 
same household 

6 B.1.177 4 3 0 0 1 46 46 46 46 46 46 Of the 3 university members: 2 are students in the same 
college, but different households and courses; there is no 
evident association with the 3rd case, a member of staff 

7 B.1.177 4 2 0 0 2 43 45 45 45 43 45 The 2 university members are students who share the same 
household and course 

8 B.1.177 3 3 0 0 0 45 45 45 45   Of the 3 university members: 2 are students in the same 
household and course; there is no evident association with 
the 3rd student 

9 B.1.177.17 41 6 2 2 31 40 50 43 48 40 50 Of the 6 university members: 2 are members of staff in the 
same college; 1 of these lives in the same household as 
another individual in this cluster; there is no evident 
association with the other 3 members 

10 B.1.177 10 9 0 0 1 42 45 42 44 45 45 Of the 9 university members: 2 share the same course and 
year of study in College J; 1 further student in College J 
shares the same course, but is in a different year of study;  
3 further students in College K share the same course as the 
2 students in College J, with 2 being in the same year of 
study; 1 further student in College J shares the same year of 
study with other students, but is on a different course; 1 
further student in College K shares the same year of study, 
but a different course; one student in College C is a named 
contact of a student from College J; 1 student has no 
identified association with any other students. 

11 B.1.177.4 19 7 0 1 11 44 47 45 47 44 47 Of the 7 university members, 4 are staff and 3 are students; 
2 staff work in the same ‘additional personnel’ department. 
There is no identified association between the remaining 
members of this cluster 

12 B.1.1.315 21 6 3 1 11 39 47 45 47 39 46 Of the 6 university members: 2 students share the same 
household and are both PhD students in the same 
department; a 3rd student is also a PhD student in this 



department but living in a different household and college; 2 
individuals share the same household, but like the remaining 
individual have no association with the other cases in this 
cluster 

13 B.1.258 12 3 0 0 9 42 46 42 42 44 46 Of the 3 university members: 2 students share the same 
postgraduate course and work in the same department; there 
is no identified association with the third student 

14 B.1 5 3 0 0 2 45 48 46 46 45 48 Of the 3 university members: 2 staff members share the 
same household; there is no identified association with the 
third member, a student 

15 B.1.177 27 2 2 1 22 41 49 47 48 41 49 Both university cases are staff members with no identified 
associations 

16 B.1.1.153 4 2 0 0 2 41 44 42 42 41 44 Both university cases are students in the same academic 
year with no other identified associations 

 
  
Supplementary Table 1b. Summary of the 19 genomic clusters of two or more university cases, using a SNP difference threshold of 0 
SNPs, based on isolates from cluster 1 identified by CIVET in table A above (UoC = University of Cambridge; HCW = healthcare 
workers). 
 
 

Cluster Lineage Number of cases Epiweek in which cases identified Notes 
   Whole cohort UoC Community  

  Total UoC HCW Patients Community First 
Case 

Last 
Case 

First 
Case 

Last 
Case 

First 
Case 

Last 
Case 

 

A B.1.160.7 182 176 0 0 6 44 48 44 47 46 48 There are a large number of cases that emerge in the same 
week, making further analysis challenging. Of the 176 
university members: 113 are students sharing a household 
with at least one other individual in this cluster; the largest 
household cluster is 11 students living on the same 
staircase; 155 students share a course and year of study 
with at least one other individual in the cluster, with some 
overlap with college household structure; the largest cluster 
sharing course, year of study and college is 7 students. 

B B.1.160.7 6 6 0 0 0 46 48 46 48 
  

Of the 6 university members: all 6 are students living in 
shared or neighbouring households in the same college; 3 of 
these students are in the same course and year of study 

C B.1.160.7 2 2 0 0 0 46 47 46 47 
  

The 2 university members are students that share the same 
year and college, and are identified contacts in university 
contact tracing 



D B.1.160.7 2 2 0 0 0 46 46 46 46 
  

Both university cases are students, but have no identified 
association.  

E B.1.160.7 62 60 0 1 1 41 46 41 46 44 46 Of the 62 university members: 21 students share a 
household with at least one other individual in this cluster; 
the largest household cluster is 4 students living on the same 
staircase; 29 students share a course and year of study with 
at least one other individual in the cluster, with some overlap 
with household structure; the largest cluster sharing course 
and year of study is 5 students; of note, two students in the 
first week that this cluster was identified report attending 
Venue A on the same day in the first week of term. 

F B.1.160.7 3 3 0 0 0 44 45 44 45 
  

Of the 3 university members: 2 students share the course 
and year of study; there is no identified association with the 
3rd student. 

G B.1.160.7 2 2 0 0 0 42 42 42 42 
  

Both university cases are students, but have no identified 
association. 

H B.1.160.7 3 3 0 0 0 46 46 46 46 
  

All 3 university cases are students, but have no identified 
association. 

I B.1.160.7 2 2 0 0 0 46 46 46 46 
  

Both university cases are students, and share the same 
household and course 

J B.1.160.7 4 4 0 0 0 44 45 44 45 
  

Of the 4 university members: 3 are students from the same 
college (2 in the same household) but different courses; 1 
member of staff has no known associations with the students 

K B.1.160.7 2 2 0 0 0 44 44 44 44 
  

Both university cases are students, and share the same 
course and year of study 

L B.1.160.7 2 2 0 0 0 43 44 43 44 
  

Both university cases are students, but have no identified 
association. 

M B.1.160.7 2 2 0 0 0 44 44 44 44 
  

Both university cases are students, but have no identified 
association. 

P B.1.160.7 9 9 0 0 0 45 48 45 48 
  

Of the 9 university members: 4 live in the same/neighbouring 
households in College L; 2 live in neighbouring households 
from College J; a further student is also at College J; 2 the 
remaining 2 students have no identified association with the 
rest of the cluster 

Q B.1.160.7 13 12 0 0 1 44 46 44 46 46 46 Of the 13 university members: 3 are students on the same 
course and year of study (1 is named as a contact of the first; 
another is in the same college as the first); 6 live in the same 
block of accommodation in a different college; the 4 
remaining members have no identified association. 

R B.1.160.7 4 4 0 0 0 45 47 45 47 
  

Of the 4 university members: 2 students live in the same 
household; a 3rd students lives in the same college on a 
different course and year of study; 1 of the students has no 



identified association with other members of this cluster; one 
of the students lives in the same household and shares a 
course and year of study with a student in cluster Q, which is 
one SNP different from R 

S B.1.160.7 18 15 0 0 3 43 45 43 45 43 45 Of the 15 university members: 5 are students sharing the 
same course and household at College L; 2 live in a different 
household at College L; 4 live in the same accommodation 
block in College M; 4 live in College N, of which 1 is a named 
contact of another in university contact tracing; 1 of the 
students in College L and another at College M share the 
same course and year of study 

T B.1.160.7 2 2 0 0 0 41 41 41 41 
  

These are the earliest 2 isolates from this large cluster during 
the study. There is no identified association between these 2 
students; 1 student has an isolate that is 1 SNP different 
from a household contact from cluster E 
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