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Abstract

Despite the elimination of measles in the United States (US) in the year 2000, cases continue to
occur, with measles outbreaks having occurred in various jurisdictions in the US in 2018 and
2019. Understanding the cost associated with measles outbreaks can inform cost-of-illness and
cost-effectiveness studies of measles and measles prevention. We performed a literature review
and identified 10 published studies from 2001 through 2018 that presented cost estimates from 11
measles outbreaks. The median total cost per measles outbreak was $152 308 (range, $9862-$1
063 936); the median cost per case was $32 805 (range, $7396-$76 154) and the median cost per
contact was $223 (range, $81-$746). There were limited data on direct and indirect costs
associated with measles. These findings highlight how costly measles outbreaks can be, the value
of this information for public health department budgeting, and the importance of more broadly
documenting the cost of measles outbreaks.
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Measles is a highly infectious vaccine-preventable disease that is transmitted person-to-
person and causes an acute febrile rash illness. Measles can lead to serious complications,
including pneumonia, encephalitis, and death [1, 2]. Due to attainment of high measles
vaccination coverage, measles was declared eliminated (defined as the interruption of
continuous transmission lasting = 12 months) from the United States (US) in the year 2000
[3]. Despite the occurrence of several large measles outbreaks in various jurisdictions in the
US, including as recently as 2018 and 2019 (eg, in Washington, New York, and Michigan),
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elimination has since been sustained in the country [4-6]. The origin of these cases and
outbreaks was international, primarily US travelers returning from countries where measles
is still endemic [7], followed by contact with susceptible (unvaccinated) populations and
subsequent transmission [8].

Efforts needed to respond to a measles outbreak can strain public health resources. Based on
personnel hours and resources utilized, Ortega-Sanchez et al (2012) estimated the economic
burden on US public health institutions to respond to 16 measles outbreaks in 2011 to be
between US$2.7 million and US$5.3 million [9]. Lo and Hotez (2017) modeled the potential
consequences of a 5% decline in measles-mumps-rubella (MMR) vaccine coverage among
children aged 2-11 years in the US, which could result in 150 additional measles cases and
$2.1 million in public sector costs [10]. Both of these analyses are limited to public health
responses and do not include direct medical and nonmedical costs incurred by patients,
families, providers, and healthcare systems, or productivity losses. As such, these estimates
are likely conservative relative to the total economic burden that these outbreaks impose on
society.

In this article, we review published studies that have presented cost estimates of measles
outbreaks (here defined as 1 or more measles cases) and analyze the available data from
various perspectives and by cost types. We briefly discuss the key components and
considerations that might be helpful in future cost evaluations of measles outbreaks.

METHODS

We identified scholarly articles reporting cost of measles outbreaks in the US by searching
PubMed and Google Scholar using the term “measles” with “cost” or “economic” or
“burden” or “outbreak” in the title of publications from January 2001 (the year after measles
elimination was declared in the US) through December 2018. We conducted a structured
review of the studies relying on titles, abstracts, and full text. Studies were excluded if the
titles or abstracts indicated it was either non-US based or not an evaluation of a measles
investigation (ie, literature reviews or opinion pieces). Abstracts or full texts were reviewed
to determine if costs were collected in the study. Only studies of measles outbreaks
occurring after 2000 and that collected costs were included in this analysis.

We conducted a full-text review of each study in the final analytical set and extracted the
following information if reported: year of case(s), number of cases, number of contacts
(exposed persons), chain duration (defined as the difference in days between rash onset in
the first and last case), investigation period, number of cases hospitalized, total costs, costs
by type, and perspective. There are various types of costs (eg, costs related to medical
treatment or response) that can be collected in an evaluation of the cost of a measles
outbreak, as well as different perspectives that can be taken. A perspective can be considered
the viewpoint from which the study is conducted, such as healthcare sector, public health, or
healthcare provider (Table 1). Further details on the types of costs and perspectives can be
found in the Supplementary Materials. Additional variables collected are reported in
Supplementary Table 1. Cost types reported for each investigation are in Supplementary
Table 2.
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For each investigation, we calculated per case, per contact, per chain duration, and per
investigation period. We summarized these results, along with total cost, by providing the
median and ranges of each cost. The costs were stratified based on the types of costs
collected and the perspective used in each study. If a perspective was not explicitly stated,
we imputed the perspective based on the types of costs reported. For example, the
perspective of Coleman et al (2012) was not reported [11]. However, costs were detailed and
we were able to separate costs from the public health perspective and costs from the provider
perspective (Supplementary Table 3). For direct medical costs, the cost per hospitalized case
was calculated after removing outpatient costs. All costs are presented in 2018 dollars with
inflation adjustments made using the medical care component of the Consumer Price Index
[12].

Our initial search resulted in 563 studies from PubMed and 253 studies from Google
Scholar. After applying our exclusion criteria, we identified 10 studies reporting costs
associated with a measles outbreak, which we defined as = 1 case of measles for this review.
One study reported costs for 2 separate measles outbreaks [13], so the final results in this
review represent economic evaluations conducted for a total of 11 outbreaks. Six evaluations
were conducted from the public health perspective only, 3 from the provider perspective
only, and 2 from both the public health and provider perspectives (Table 2). No evaluations
reported costs from the healthcare, patient, employer, or societal perspectives. Eight
evaluations reported response costs only, 2 reported both response and direct costs, and 1
evaluation reported response, direct, and indirect costs. Response costs included
investigation, containment, and vaccination costs for all evaluations except for 1, where
response costs only included investigation and containment costs [13].

Outbreaks in reviewed studies reported a total of 129 confirmed measles cases in 9 states
during the period of 2004-2017, with a median of 2 cases (range, 1-58) and a median of 283
contacts (range, 44-8231) (Table 3). The median duration of the chain of transmission was
13 days (range, 0-88 days), with a median 68-day investigation period (range, 41-159 days)
(Table 3). Personnel-hours spent responding to the outbreaks ranged from 387 to 10 054
hours (Supplementary Table 1). With data from only 3 of 11 outbreaks, we also found that
outbreak responses involved the efforts of 41-99 public health personnel (Supplementary
Table 1).

Across all evaluations, the median total cost of the 11 measles outbreaks was $152 308
(range, $9862-$1 063 936; note that the outbreak with $1 063 936 in costs included the
highest number of contacts [8231 contacts]) (Table 3). Subsetting by perspective, median
total costs were $115 102 from the public health perspective (Table 4), and $76 509 from the
provider perspective (Table 4). The median cost per case was $32 805 (range, 7396—76 154)
and per contact $223 (range, $81-$746) from all perspectives, with corresponding median
costs of $18 661 and $191 from the public health perspective, and $14 270 and $289 from
the provider perspective. Median cost per day was $10 710 (range, $5101-$24 737) based
on chain duration, and $3873 (range, $3274-$6691) based on investigation period, with
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corresponding median costs of $7535 and $3274 from the public health perspective, and
$5101 and $4641 from the provider perspective.

Median response cost per case was $18 787 (range, $7396-$76 154) and per contact was
$184 ($81-$708) (Table 5), with corresponding median containment costs of $18 787 and
$163 (Table 5), and median vaccination costs of $2781 and $41 (Table 5). The median
response cost per day based on chain duration was $7535 (range, $3173-$24 737) and on
investigation period was $3734 (range, $2810-$6691), with corresponding median
containment costs of $7525 and $3258, and median vaccination costs of $834 and $476.

Median direct medical costs of 3 outbreaks was $21 519 (range, $14 270-$28 912). The
median direct medical cost per case was $14 270. The median cost per hospitalization
(outpatient costs excluded) was $14 456 (Table 5).

Sugerman et al (2010) was the only study that reported indirect costs. Quarantined families
reported an average $1032 (in 2018 dollars) direct and indirect costs incurred per
quarantined child [20]; separate direct and indirect costs were not provided.

To understand how costs could possibly be affected by the size of the outbreak, which can be
measured in terms of cases identified and duration, we examined the relationship between
per case cost and outbreak size, and per day cost and chain duration, by perspective (public
health and provider) and cost type (investigation and containment, vaccination, direct
medical) (Figure 1). Overall costs per case and day were lower the more cases were
identified and the longer the chain duration.

DISCUSSION AND CONCLUSIONS

Our review of 10 studies presenting cost estimates for 11 measles outbreaks during the
postelimination era (January 2004 through December 2017) found that measles can be
extremely costly to public health and healthcare institutions in the US, with a median of
approximately $152 000 per outbreak, approximately $33 000 per case, approximately $200
per contact, and approximately $4000 per day of investigation. Because none of these
estimates captured costs from a societal perspective, these estimates are likely an
underestimate of all costs incurred during measles outbreaks.

Our total median costs per response of $152 308 in 2018 dollars ($122 685 in 2011 dollars)
aligned well with previous estimates by Ortega-Sanchez et al, who found that total median
costs to respond to measles outbreaks, depending on the size of the outbreak, ranged from
$72 000 to $179 000 in 2011 dollars [9]. In the sample of measles cases captured by this
review, 4 required hospitalization, which carried a median direct medical cost per
hospitalization of $14 456 in 2018 dollars ($11 202 in 2009 dollars). Due to the small
sample size of hospitalized cases, caution is warranted when generalizing our estimate of
cost per hospitalization to any broader populations. Nevertheless, this estimate appears to be
generally consistent with Zhou et al’s estimate of $3562-$40 695 in 2009 dollars [22] (the
Zhou et al estimate may take into account a larger disease spectrum in terms of
complications that are usually not seen in outbreaks), although much higher than a recently
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published median estimate of $5291 per hospitalization in 2017 dollars ($5395 in 2018
dollars) [23].

Other countries have similarly documented the substantial economic burden associated with
measles outbreaks. In the United Kingdom, total public health costs associated with an
outbreak in Merseyside were $1 554 027 ($4995 per case), and direct hospital costs per
admitted case were $3580 (in 2018 dollars) [24]. In the Netherlands, during a 2013-2014
outbreak affecting Orthodox Protestant communities with low MMR vaccination coverage
[25], public health costs for outbreak containment were an estimated $796 194 ($295 per
case), and direct healthcare costs were $530 per case (in 2018 dollars). The variability in
these cost estimates could be attributed to a variety of factors, including the components
incorporated in the cost estimates, the setting in which the outbreaks occurred, the intensity
of containment efforts, and the extent to which healthcare is paid for by a government.

Our study found that vaccination costs comprised a small portion of all response costs, when
compared to investigation and containment; this is not unexpected, given that measles
vaccine doses are fairly inexpensive. The costs of supplies and personnel-time needed for
vaccination clinics constitute only a portion of response efforts, whereas the bulk of the
response involves case and contact investigations, laboratory testing, verifying measles
immunity, communicating with the public, and operational needs and coordination.
Similarly, we found response costs to be higher than direct medical costs. Finally, costs per
case and day generally declined with increasing size and duration of measles outbreaks. This
may be due to fixed costs incurred in any investigation regardless of the number of cases or
chain duration.

Although the information provided in these studies is useful, there are significant gaps in the
literature regarding the cost of measles outbreaks from the societal perspective. Specifically,
more studies that include not only response costs, but direct and indirect costs of outbreaks,
would be of added value. Studies evaluating the societal costs of measles outbreaks would
improve our understanding of the full economic ramifications of responding to measles
cases, and could better inform cost-effectiveness or cost-benefit analyses examining the
impact of various prevention and control strategies. Future studies should also provide
detailed information on the number of contacts evaluated, investigation periods, and
personnel-hours to further characterize the relationship of containment costs and the breadth
of the response. The implication of such studies would be particularly important because of
recent increases in measles activity in the US [5], and because many local health
departments are experiencing reductions in resources and do not have “outbreak” budget
reserves [26].

This study has several limitations. First, because our review is limited to available published
data and did not include gray literature, our estimates are based on limited measles
responses, which showed considerable variability, and our summary of costs might not be
representative of all outbreak responses in the US; in particular, there could be a bias toward
publication of more costly outbreaks. Second, details of the types of costs presented were
not always fully available, although we attempted to classify costs into predetermined
categories when possible. For example, documenting costs related to investigation of cases
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and those related to containment separately would be helpful in more clearly delineating the
economic impact of each of these activities. Last, certain attributes and response activities
are unique to each outbreak (eg, the strength of quarantine recommendations, or the amount
of laboratory testing and contact tracing performed), which makes it challenging for
appropriate comparisons to be made across studies.

Although US measles elimination has been maintained for nearly 20 years, measles
introductions and cases continue to occur in the country, and they impose a substantial
economic burden. Applying our median per case cost estimate of approximately $33 000 to
the annual median of 72 cases reported in the US from 2001 through 2017 [8] translates to
more than $2 million in costs per year. Furthermore, based on the number of cases reported
in 2019 (1282 cases) [27], an estimated $42 million might have been spent responding to
measles outbreaks in 2019. In this period of increased disease, understanding the full
economic ramifications of responding to measles outbreaks is necessary to appropriately
allocate valuable public health resources for maximum public benefit and to inform cost-of-
illness and cost-effectiveness studies of measles and measles prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

1. Fiebelkorn AP, Redd SB, Gastanaduy PA, et al. A comparison of postelimination measles
epidemiology in the United States, 2009-2014 versus 2001-2008. J Pediatric Infect Dis Soc 2017,
6:40-8. [PubMed: 26666559]

2. Perry RT, Halsey NA. The clinical significance of measles: a review. J Infect Dis 2004; 189(Suppl
1):S4-16. [PubMed: 15106083]

3. Orenstein WA, Samuel KL, Hinman AR. Summary and conclusions: measles elimination meeting,
16-17 March 2000. J Infect Dis 2004; 189(Suppl 1):S43-7. [PubMed: 15106088]

4. Papania MJ, Wallace GS, Rota PA, et al. Elimination of endemic measles, rubella, and congenital
rubella syndrome from the Western hemisphere: the US experience. JAMA Pediatr 2014; 168:148-
55. [PubMed: 24311021]

5. Patel M, Lee AD, Redd SB, et al. Increase in measles cases—United States, January 1-April 26,
2019. MMWR Morb Mortal Wkly Rep 2019; 68:402-4. [PubMed: 31048672]

6. Gastafiaduy PA, Paul P, Fiebelkorn AP, et al. Assessment of the status of measles elimination in the
United States, 2001-2014. Am J Epidemiol 2017; 185:562-9. [PubMed: 28338902]

7. Lee A, Clemmons NS, Redd SB, Patel M, Gastanaduy P. International importations of measles virus
into the United States during the post-elimination era, 2001-2015. Open Forum Infect Dis 2017;
4(Suppl 1):S242.

8. Clemmons NS, Wallace GS, Patel M, Gastanaduy PA. Incidence of measles in the United States,
2001-2015. JAMA 2017; 318:1279-81. [PubMed: 28973240]

9. Ortega-Sanchez IR, Vijayaraghavan M, Barskey AE, Gregory SW. The economic burden of sixteen
measles outbreaks on United States public health departments in 2011. Vaccine 2014; 32:1311-7.
[PubMed: 24135574]

10. Lo NC, Hotez PJ. Public health and economic consequences of vaccine hesitancy for measles in

the United States. JAMA Pediatr 2017; 171:887-92. [PubMed: 28738137]
11. Coleman MS, Garbat-Welch L, Burke H, et al. Direct costs of a single case of refugee-imported
measles in Kentucky. Vaccine 2012; 30:317-21. [PubMed: 22085555]

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pike et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Page 7

US Department of Labor, Bureau of Labor Statistics. Consumer Price Index, seasonally adjusted,
medical care. Available at: https://www.bls.gov/data/. Accessed 29 August 2018.

Marx GE, Chase J, Jasperse J, et al. Public health economic burden associated with two single
measles case investigations—Colorado, 2016-2017. MMWR Morb Mortal WKkly Rep 2017;
66:1272. [PubMed: 29166368]

Chen SY, Anderson S, Kutty PK, et al. Health care—associated measles outbreak in the United
States after an importation: challenges and economic impact. J Infect Dis 2011; 203:1517-25.
[PubMed: 21531693]

Dayan GH, Ortega-Sanchez IR, LeBaron CW, Quinlisk MP; lowa Measles Response Team. The
cost of containing one case of measles: the economic impact on the public health infrastructure—
lowa, 2004. Pediatrics 2005; 116:e1-4. [PubMed: 15995008]

Helmecke MR, Elmendorf SL, Kent DL, Pauze DK, Pauze DR. Measles investigation: a moving
target. Am J Infect Control 2014; 42:911-5. [PubMed: 24939517]

McCullough JM, Fowle N, Sylvester T, et al. Cost analysis of 3 concurrent public health response
events: financial impact of measles outbreak, Super Bowl surveillance, and Ebola surveillance in
Maricopa County. J Public Health Manag 2019; 25:357-65.

Parker AA, Staggs W, Dayan GH, et al. Implications of a 2005 measles outbreak in Indiana for
sustained elimination of measles in the United States. N Engl J Med 2006; 355:447-55. [PubMed:
16885548]

Rosen JB, Arciuolo RJ, Khawja AM, Fu J, Giancotti FR, Zucker JR. Public health consequences of
a 2013 measles outbreak in New York City. JAMA Pediatr 2018; 172:811-7. [PubMed: 30073293]
Sugerman DE, Barskey AE, Delea MG, et al. Measles outbreak in a highly vaccinated population,
San Diego, 2008: role of the intentionally undervaccinated. Pediatrics 2010; 125:747-55.
[PubMed: 20308208]

Wendorf KA, Kay M, Ortega-Sanchez IR, Munn M, Duchin J. Cost of measles containment in an
ambulatory pediatric clinic. Pediatr Infect Dis J 2015; 34:589-93. [PubMed: 25973936]

Zhou F, Shefer A, Wenger J, et al. Economic evaluation of the routine childhood immunization
program in the United States, 2009. Pediatrics 2014; 133:577-85. [PubMed: 24590750]

Hester G, Nickel A, LeBlanc J, et al. Measles hospitalizations at a United States children’s hospital
2011-2017. Pediatr Infect Dis J 2019; 38:547-52. [PubMed: 31117114]

Ghebrehewet S, Thorrington D, Farmer S, et al. The economic cost of measles: healthcare, public
health and societal costs of the 2012—-13 outbreak in Merseyside, UK. Vaccine 2016; 34:1823-31.
[PubMed: 26944712]

Suijkerbuijk AWM, Woudenberg T, Hahné SJM, et al. Economic costs of measles outbreak in the
Netherlands, 2013-2014. Emerg Infect Dis 2015; 21:2067. [PubMed: 26488199]

Duchin JS. US public health preparedness for Zika and other threats remains vulnerable. Disaster
Med Public Health Prep 2016; 10:298-99. [PubMed: 26952646]

Centers for Disease Control and Prevention. Measles cases and outbreaks. 2019. Available at:
https://www.cdc.gov/measles/cases-outbreaks.html. Accessed 7 January 2020.

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.


https://www.bls.gov/data/
https://www.cdc.gov/measles/cases-outbreaks.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pike et al.

A

580000
$70000

560000

g 8
g 8

Per Case Cost

$30000

520000

510000

$30000

525000

520000

$15000

Per Day Cost

$10000

$5000

N
» ]
A Public Health
4
wProvider
]

a

L] a

]

[
a
o 10 20 30 0 s0
Number of Cases
a
A Public Health
wProvider
a
a
- .
a

o 10 2 0 0 50

Chain Duration

Figure 1.

520000

$15000

Per Day Cost

510000

I

Number of Cases

30
Chain Duration

Page 8

@ Containment
=Vacdnation

@ Direct Medical

@ Containment
=Vacdination

® Direct Medical

Scatterplot of per case cost and outbreak size by perspective (A), per case cost and outbreak
size by type of cost (B), per day cost and chain duration by perspective (C), and per day cost

and chain duration by type of cost (D).

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 9

Pike et al.

1\4
UOITeUIDJBA pue Juswuleluo)d :asuodsay

ployasnoy pue 18xe|Al :s8sso| AlAionpoad Jo 19841pu|

Aued piyl :fesipaw 10911Q

UOITRUIDIBA pUB JUSLIUIRIUOYD :asuodsay

19%90d-40-1n0 pue Aued pliyl :[esipaw 19811Q

ployasnoy pue 18xe|Al :s8sso| AlAionpoud Jo 198.41pu|
[eaIpauuou 10311Q

18%900-40-INQ :[eaIpaW 19811g

19%90d-40-1n0 pue Aued pliyl :[esipaw 19a11Q

S[elarew au1d9eA
pue ‘W) J991uNjoA pue fess d1ulfo ‘dn-ues|o ‘uoneliodsuel) ‘Yaesno eipaw ‘saljddns o1uld ‘satuljd Bunonpuod pue Buluue|d UOIRUIDIEA -

uoIeUIdIRA ‘uoirewoyul a1jgnd Buipiaoad ‘suy Bunsa) Alojeloge] ‘Buioel) 10RIUOD JUBLIUIRILUOD

uo1eBIISaAUL Yes.qino pue ased

Jan1BaJed [ewogul ue Ag sedinlas BuiaiBared 01 anp Jo “quaiied Aq yreap Jo Alljigesip 01 anp uononpoid pjoyasnoy 1s0 :pjoyasnoH

JaniBaied jewogul ue Aqg sao1AIas BuiniBared 01 anp Jo ‘yuaired Ag yyeap Jo Aujigesip ‘ssauji 0 anp juswAojdwa pred 1507 :1exIeIN

S80IAIBS JaAIBaIRD pred pue ‘aied %88s 0 [9AR.) ‘UOIEI|IGeYS) PUB UOoI1IBINPa [e10ads :[2o1pawWuoN

1920d-40-1n0

[e18100S

Yeay d1and

Jakojdw3

19pIN0Id

1uaned

aleoylfeaH

anndadsiad Ag

asuodsay

$3550|
Ananonpoud 1o 10a11pu|

Jo Aured paiys e Aq pred sbnup Jayunod-ayi-1ano pue ‘sbnip uondiiosaid ‘sisey Aioresoqe| ‘suoirezijeindsoy ‘SHsIA Juairedino YiIMm pajeldosse SIS0 :[edIpain 10410
1500 Ag
el adA] uonenpea
S9|Sea|A JO usping d1wou0d3 ay) JO suoljenjeAs ul 108]|0D 0] S1S0D |elIsle|N pue JogeT]
‘T 9lqeL
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 10

Pike et al.

'suolie|nojes aAndadsiad yipeay arjgnd ur papnjoul 10U Ing ‘palos||od os|e saljiwe) paunuesenb Ag paniooe s1sod pue S1sod [edIpalll 10811g

q

‘suolie|nojes aAnoadsiad yipeay o1jgnd uir papnjoul 1ou ‘sAdadsiad JapiAoid Ul papn|oul SIS00 [BIIPBW 10811 “SIS0D [21PALU 10841 pue asuodsal yifesy o1jqnd a1em s1S09 |[e Ing ‘paiels 1ou w>_6\na&m.n_mv

N oN SOA SOA SaA ON [t2] (5102) Ie 10 Hopuam
SOA SOA SIA SOA ON g>A [0z] (0T02) [e 10 Uewuabng
oN N SOA SOA ON SBA [61] (8702) Ie 10 udsoy
oN ON SOA SaA SOA SOA [871 (9002) Ie 18 1aed
oN OoN SOA SoA ON SOA [21] (6102) Ie 38 ybnojNDoN
oN N SBA SOA ON SN [€1] (2102) 2 8se2 ‘e 18 XIBIN
ON ON SOA SOA ON SOA [eT] (2102) T 9se2 ‘e 30 XIBIN
oN SOA SOA SoA SOA ON [97] (¥702) Ie 30 808WIaH
ON ON SN SIA ON SOA [sT] (S002) e 18 ueAeQ
oN SOA SOA SOA SOA 25A [t7] (2102) 12 18 UBWI0D
oN N SOA SoA SOA ON [¥T] (T102) 12 30 UBYD

$9SS07] A1IAIIONPOId/10311pU] 109410 UOITBUIDIBA  JuBWUIRIUOD pue uoiebiissaul  aspinodd  YipesH algnd [194] Apnis

$150D) asuodsay

p8198]10D 150D

anIoads.iad

Author Manuscript

‘¢ slqeL

Author Manuscript

Apms Aq ‘aAndadsiad pue pa12s||0d s1s0) Jo adAL

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 11

Pike et al.

*6T0Z Ul paysiignd uoIsIaA JuLd & Yim gT0Z Ul 8uljuo umfm__%n_Q

‘pajenjens Buiag 1diuiosnuew ay) ul payiodal se si n__m

“U01BUIYSEAN ‘WA ‘pariodal 10U YN MIOA M3N ‘AN :8sed T Ajuo 01 ajqeat|dde Jou “WN ‘Afonuad ‘A ‘poliad uonebnsaaul 'd| ‘0pesojo ‘0 ‘UoieINp Ureyd ‘gD ‘euoziY ‘7Y SUORIAIGY

‘wnwixew—winwiuiw se pauodal ate sabuey

R N i I e ot

€18€$ 0T. 0T$ €ees 508 Z€$ 80€ ZGT$ 89 €1 €8¢ z ueIpain

VN 445 GG8 ¥1$ 2986% UN 0 44} T €102 VM ‘9[1ess [tz] (ST02) e 19 H10pusM

766€$ 0T. 0T$ 692$ €8. 8T$ 29 GET$ 65 44 68 4} 8002 vO 'ofaigues [0zl (0T0Z) [e 16 UBWIEBNG

9zTr$ 11158 9C1$ 8Tv.$ 9EL 6YY$ 60T 88 60vE 85 €10e ) v_\_f&f won 1671 (8702) e 3 UBSOY

€6/6$ 8r79% €05$ 96€L$ 19% 162$ pL9 6 00§ Ve 5002 euelpU| [s1] (9002) Ie 10 J33ed

GT.E$ 9TL T1$ 80.% ¥ST 9./ 80€ ZGT$ 1172 €1 104 Z GT0Z Zv ‘xweoyd  [27] q (6102)

e 18 sm:o__:Oo_\/_

VN 8% 181 8T$ 181 8T$ UN 0 €T T 1102 00 JanuaQ [eT] (L102) e 30 XIBIN

WN v81$ 920 25$ 920 25$ UN 0 €82 T 9102 002 ‘Janusq [eT] (£702) Ie 10 xren

T0TS$ 682$ GGC 8€$ 60G 9.$ UN 1 692 14 1102 AN ‘Aueqly [ot]  (¥102) Ie 10 oswW|oH

v.2€$ L€ ¥2$ €ees 112 v1$ €€9 2% 89 6 000T € 7002 [sT] (S002) 18 18 Uekeq

WN ovl$ G08 Z€$ 508 Z€$ N 0 44 T 0102 [t1] (z102) Ie 18 UBWSIOD

1699% 897 €T$ 62T$ G66 GL$ 966 €90 T$ 65T 6. 7€28 vl 8002 ZV ‘uosonp [v1] (T102) [B 19 UBYD

edl BuIsn ao 1800 150D SIS0 [e10L pdi p'ao ‘ON L\ (s)sseD U010 FEX| Apms
1509 mm MM WMMO Homwﬂoo ase) 1ad ‘s10B1U0D ‘sased 10 JesA

Aeq 1ad

Author Manuscript

LTOZ—700Z ‘SXealqInQ SaIses|N SerelS pauun TT JO SIS0 Jod Pue [el0L UBIpSIN
€ 91qeL
Author Manuscript

Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 12

Pike et al.

"6T0Z U1 Paystjand uoisian Juiid e Ulm 8TOZ Ul UIuo pausijand,

"U0IBUIYSEAN ‘WM NI0A MBN ‘AN ‘Paniodal 10U ‘YN ‘Aqomuad] ‘A ‘poliad uoiebnssaul ‘| ‘0pesojod ‘02 ‘uolrenp ureyd ‘go ‘eluiojijed ‘vo ‘BUOZIIY ‘7 SUOIEIA3IGAY

“WNWIXeW-WnWiuIW se paiiodal aie sabuey

mmmww €1 %%mi@ (Lres-T89) mBM%m@ £90 %m%wm%v (6bues)
TYor$ T01S$ 682% 0.2 ¥1$ 605 9/$ URIPSIN
A\ 8% 2986% 2986% 4N 0 44 T €102 VM ‘31ess [te] (5102) 1e 10 p10pusm
165¢$ 0S7$ LvES S0TS$ 95 €2T$ L9 6€ 005 13 5002 eueIpU| [811 (9002) Ie 10 4o ed
T0TS$ 682$ GGz 8e$ 60S 9/$ N ST 69z 14 1102 AN ‘“Aueq|y [97] (¥102) Ie 30 xd8WIaH
A\ vze$ 0.2 ¥1$ 0LC ¥1$ 4N 0 144 1 0102 A ‘3||1AsIno] [tt] (zT02) T2 30 UBWSI0D
1699% 89Y £T$ 621$ G66 5.$ 9€6 £90 T$ 65T 6. €28 4! 8002 ZV ‘uosany [vT]  (TT02) Ie 30 UBYD
annoadsiad Japinoid
%%HHH_\ wv ﬁmmmmmmw% (8026-729) ﬁwmﬂm@w% mimwmm 81$) (ebuey)
vL2e$ GG/ T6T$ 799 81$ 20T GTT$ URIPSIN
0182$ GESL$ 86T$ GI8 ET$ 111 G9T$ 65 r44 6€8 45 8002 vO ‘oBaig ues  [0z] (0T02) Ie 30 uewiabng
9zTr$ T115$ zeT$ vSL1$ 9EL 6YY$ 60T 88 60vE 85 €10e K10 Vmﬁﬂ MON [67] (8702) 210 Uasoy
€9TT$ 166T$ 95T$ 1622% 168 L% L9 6¢ 00§ ve 5002 euelpul [8T] (9002) Ie 30 133t1ed
g% 9TL TT$ 80.$ veT 9/$ 80¢€ 26T$ 134 €1 STz z ST0C ZV ‘Xiusoyd (6102) I 30 %:o__:oo_\m 1
WN 8% 181 8T$ 18/ 8T$ 4N 0 (4> 1 1102 0D ‘anua@ [eT] (£102) 12 30 X1BIN
WN v8T$ 920 25 920 25$ UN 0 €8¢ T 9102 002 Janua@ [eT] (2102) 1e 10 X1EN
v.ze$ LEL VTS €ezs T1C 7.$ €€9 2ze$ 89 6 000T € ¥002 emo| [sT] (S002) Ie 30 UeARQ
WN Tevs €S 8T$ €S 8T$ 4N 0 4% 1 0102 A ‘3|11AsIno [tt] (zT02) I8 30 UBWSI0D
annoadsiad yieay a1jgnd
dl ao buisn 150D 150D ase) Jad $150D [e101 pdl p‘dd ‘ON ‘ON AeaA uoIed0] Apns pue andadsiad
mm MM WMU 150D Ae@ 1ad  19vIU0D Jad ‘s10R1U0D ‘sase) ealqino

Author Manuscript

anndadsiad Aq ‘2 T02—700Z ‘Sea1qinQ Sa|seal $o1e1S paliun JO SIS0 Jad pue [e101 UeIpa|A
¥ 91qeL
Author Manuscript

Author Manuscript Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 13

Pike et al.

9082$ Gesl$ L6T$ L6L €T$ 095 S9T$ 8002 VO ‘0Ba1q ues [oe] (0T02) Ie 10 UBWIIEBNS
Zrees £887$ 9zT$ 80v.$ 089 627$ €102 ) v_\v_.,\_f MON [67] (8T02) [e 10 Ussoy
89z¢$ ¥195$ 8ev$ 6E79$ 2€6 81¢$ 5002 euelpu| [87] (9002) Ie 10 Ja3taed
6vzes 1vZ 0T$ 029$ 809 99% 9TZ €€T$ 5102 zv xweoyg  [LT1(6702) 138 UBnoindoN
N 8% 181 8T$ 181 8T$ L10C 002 ‘1anusQ [eT] (2102) 1e 10 xreN
VN LET$ 979 8€$ 979 8e$ 9102 09 ‘Ienua@ [eT] (2102) Ie 10 X1BN
WwN 9882$ €9T$ 8v9 12 G6¢ €V 1102 AN ‘“Aueqly [97] (¥102) e 30 xd8WIaH
8092$ L0L 6T$ L1T$ 22T 65 L9€ L1T$ 7002 emoj [sT] (S002) Ie 30 ueAeq
VN 69¢$ LSz 9T$ 152 9T$ 0102 A BI[1ASIN0T [t7] (zT02) Ie 38 UBWS]0D
vesv$ 0T.6$ €6$ 6. ¥5$ €10 L9./$ 8002 ZV ‘uosonL [vT] (TT0C) Ie 30 USYD

JUSWIUIRIUOD pue uolrefinsaaul :asuodsay
mmwwwv _\N@m%hﬁm@ (8028-189) E@mmmmw% £90 aﬁm.mw%m@ (bue)
vELES GEG/$ ¥8T$ 181 8T$ 80€ 2GT$ UeIPBIN
8% 2986$ 2986$ €102 VM ‘3131833 [tz] (5102) Ie 10 Hopuam
0182% GESL$ 86T$ GI8 ET$ L1) G9T$ 8002 VO ‘obaiq ues [0z] (0102) Ie 30 uBWIEBNS
9CTV$ TT1S$ 2eT$ vSLL$ 9€L 6YY$ €102 ) v_\_fnﬂ MON [6T] (8T02) Ie 10 UdsOY
€6/€$ 8r9% €05$ 96€L$ 9% TG2$ S002 euelpul [8T] (9002) Ie 10 a3t1ed
ST/6$ 9T TT$ 80.$ ¥ST 91$ 80€ Z5T$ 5102 zv xwsoyg  [LT1(6102) 1212 ubnojindo
VN 8% 181 8T$ /8L 8T$ L102 02 ‘lenua@ [eT] (2102) 12 10 x1BIN
WwN v8T$ 920 26$ 920 26 9102 09 ‘lenua@ [eT] (£102) 12 30 x1BIN
VN €L1€$ 08T$ 66L €¢$ 165 17$ 1102 AN ‘“Aueqry [97] (¥102) 1e 10 &ooW|aH
v.2€$ LEL VTS €ees 112 v.$ €€9 ¢22$ 7002 eMo| [sT] (S002) Ie 18 UeARQ
WwN Tev$ V€S 8T V€S 81 0102 A ‘@|[1AsINoT [t7] (zT02) Ie 30 UBWSI0D
1699% 89Y £T$ 621 G66 G.$ 9€6 £90 T$ 8002 ZV ‘uoson] [v1] (1702) 1218 UBYD

asuodsay

numoo mn__ an buisn 150D 150D aseD 1ad $1S0D [e10L pazijendsoH Jesp uo13ed0] Apms

pazijendsoH Jad Buisn 150D 150D Ae@ Jed  19BIU0D U esiqino
Aeq Jad

Author Manuscript

150D Jo adAL Ag ‘£T0Z—¥00Z ‘sHea1qInQ S3ISeaIN Sa1elS patuN 40 SIS0D Jad pue [el0] UeIpaiA

‘'S al|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 14

Pike et al.

1500 Uoiezijendsoy Jad 31e|nNo[ed 03 SIS0D [edIPAL 103JIP WO PAPNIOX3 S49M SIS0D Juairedino s1soo uonezijendsoy AJuo

q

‘parenfens Buiag 1diiosnuew ayy ul payjodal se si pouad co_amzmmé_m

"u0IBUIYSBAA ‘WM IOA MAN ‘AN ‘8sed T Ajuo 01 ajgearjdde 1ou ‘N ‘Aonmuay ‘A ‘(sAep) poriad uonebisanul ‘q| ‘opetojod ‘0D ‘(sAep) uolieinp ureyd ‘gD ‘elulojljed ‘v ‘euoziy ‘ZV :Suoleinaiqay

“WNWIXeW-wnwiuiw se paiiodal aie sabuey

ma.wﬁﬁ@ (Goe$-50es)  (L26T$-816%)  (v2e$-929) Smﬁ.wwwé mmw.mwwmiﬁ (abueay)
95Y ¥1$ G9€$ €SYTS 60T$ 0LZ ¥T$ 61G TZ$ UBIPAIN
6vC 61$ Goe$ 8.6%$ 9z$ €6.T$ 61S T2 1 8002 V0 ‘obaiq ues [0z] (0102) Ie 30 uBWIEBNS
95 ¥1$ N L26T$ 60T$ 95 ¥1$ 216 82$ [ 4 AN ‘Aueqiy [97] (¥702) 1e 10 &ooW|aH
TLT2T$ wN v2€$ 0LZ ¥T$ 0LT ¥T$ T 010C AN ‘B1I1ASINOT [t7] (zT02) 18 38 UBWSI0D
|ed1paw 10841
(198T$-+$)  (0coss—01$)  (68%-0)  (S0Z TZ$-8TS) ommmwwm% (abuey)
LS 8% T$ 18.2% 97 9T$ ueIpaIN
N 12$ ¥8¢€$ v82€$ €10¢ VM ‘9[1ess [tz] (5102) 12 30 Hopusm
v$ 01$ 0$ 81$ L12$ 8002 VO ‘ofaiq ues [0z] (0102) Ie 30 uBWIAANS
v8T$ 82e$ 9% 9ves S50 02$ €70C K19 v_\_&f MON [67] (8102) Ie 18 UssON
98v$ vess$ G9$ L56$ 6¢5 ¢€$ 5002 euelpu] [8T] (9002) Ie 19 JadtIed
99v$ 69VT$ 68% 9v56$ 260 61$ 5102 zv xweoyg  [LT1(6T02) 1232 UBnolndoN
VN Lv$ 8¢ €T$ 8¢ €T$ 910¢ 00 “anus@ [e1] (2102) 1210 X1BN
VN 182$ 9T$ 16TC$ 20ev$ 1102 AN ‘“Aueqly [97] (¥102) Ie 30 axd8WIaH
999% 0£05$ Gv$ 680 GT$ 99¢ G$ 7002 emo| [sT] (S002) Ie 30 uekeq
N At L1Tes LlTes 010¢ A ‘8llAsIn0] [t1] (2102) 12 30 UBWRI0D
L98T$ 85.€$ 9e$ S0z 12$ 798 962$ 8002 ZV ‘uosonL [vT] (TTOC) 12 38 UBYD
uoleulddeA “mwconmwm
mmmwwwv mam%w% (0298-v59) oowmwww@@ BN%%%@ (buex)
857€$ Gz6.$ €9T$ 181 8T$ 9TZ €€T$ uBIPBIN
N vS$ 8159% 8159% €10¢ WM ‘9[1ess [12] (5T02) Ie 12 J1opusm
QumoO mn__ aon mc_mD 150D 150D ase) Jad S1S0D |e10L UmN__mu_QmoI Jes\ uoiedInT] >U3um
pazijendsoH 184 Buisn 150D 1500 Ae@ usd - 10BIU0D Jad ealquino

Aeq 1ad

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



Page 15

Pike et al.

"6T02 Ut paystignd uotsian jud e yim 8TOZ Ul suljuo umcm__n_:au

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2021 September 12.



	Abstract
	METHODS
	RESULTS
	DISCUSSION AND CONCLUSIONS
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

