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Abstract

Background: Safe and effective hepatitis A vaccines have been recommended in the United
States for at-risk adults since 1996; however, adult vaccination coverage is low.

Methods: Among a random sample of adult outbreak-associated hepatitis A cases from three
states that were heavily affected by person-to-person hepatitis A outbreaks, we assessed the
presence of documented Advisory Committee on Immunization Practices (ACIP) indications

for hepatitis A vaccination, hepatitis A vaccination status, and whether cases that were
epidemiologically linked to an outbreak-associated hepatitis A case had received postexposure
prophylaxis (PEP).

Results: Overall, 74.1% of cases had a documented ACIP indication for hepatitis A vaccination.
Fewer than 20% of epidemiologically linked cases received PEP.

Conclusions: Efforts are needed to increase provider awareness of and adherence to ACIP
childhood and adult hepatitis A vaccination and PEP recommendations in order to stop the current
person-to-person hepatitis A outbreaks and prevent similar outbreaks in the future.
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1. Introduction

Hepatitis A is a vaccine-preventable disease of the liver, typically acquired through fecal-
oral transmission of the hepatitis A virus (HAV) from direct person-to-person contact or
consumption of contaminated food or water. Hepatitis A (HepA) vaccines are safe and
highly effective (94%-100% efficacy in protecting against clinical hepatitis A with single-
antigen HepA vaccines) and were first licensed in the United States in 1995 [1-3]. In 1996,
the Advisory Committee on Immunization Practices (ACIP) recommended vaccination for
adults at increased risk for HAV infection or adverse consequences of infection (e.g., people
who use drugs, men who have sex with men [MSM], international travelers, and people
with chronic liver disease) [3]. Recently, ACIP expanded the indications for adult hepatitis A
vaccination to include people experiencing homelessness (2019) and people living with HIV
(2020) [3].

Postexposure prophylaxis (PEP) with single-antigen HepA vaccine or immune globulin
effectively prevents infection with HAV when administered within two weeks of exposure
[3]. ACIP recommends PEP as soon as possible for adults exposed to HAV within the past
two weeks who have not previously completed the HepA vaccine series [3]. The efficacy of
PEP administered more than two weeks after exposure has not been established.

Since 2016, the United States has experienced person-to-person hepatitis A outbreaks that
are unprecedented in the vaccine era. Infections have spread primarily through close contact
among people who use drugs—a group recommended for hepatitis A vaccination by ACIP
for 25 years—and people experiencing homelessness [3,4]. As of September 10, 2021, state
health departments reported >42,000 outbreak-associated cases [4]. We sought to identify
opportunities for improving adult hepatitis A vaccination coverage before and during the
ongoing person-to-person hepatitis A outbreaks.

2. Methods

Previously, we conducted a cross-sectional observational study of hepatitis A outbreak-
associated cases with onset between July 1, 2016 and June 10, 2019 [5]. Eligibility for
inclusion in the analysis was residency in Kentucky, Michigan, or West Virginia and
designation by the respective health department as a person-to-person outbreak-associated
hepatitis A case. For that analysis, state outbreak and hospital records were abstracted for
a 10% simple random sample of outbreak-associated hepatitis A cases from three heavily-
affected states.

For this analysis, we examined data collected during the cross-sectional observational
study for the presence of documented ACIP indications for hepatitis A vaccination among
adults, hepatitis A vaccination status, and whether cases that were epidemiologically
linked to an outbreak-associated hepatitis A case had received PEP. ACIP indications were
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assessed retrospectively. We examined the presence of all ACIP indications for hepatitis A
vaccination in the current 2020 ACIP recommendations, including homelessness and living
with HIV, which were not in place during the study period. Hepatitis A vaccination status
was based on self-report or documentation (in the medical record or state immunization
registry) of ever receiving a HepA dose. Cases were considered epidemiologically linked
if they were a close contact (e.g., household or sexual) of a known hepatitis A outbreak-
associated case.

We calculated descriptive statistics detailing potential opportunities for improving adult
hepatitis A vaccination before and during the ongoing person-to-person hepatitis A
outbreaks. Percentages were calculated by using all participants (including those with
missing data) in the denominator to err on the side of generating conservative estimates.

CDC determined this analysis, using existing deidentified data provided by jurisdictions as
part of hepatitis A outbreak investigations and response efforts, did not constitute research
involving human subjects; IRB review was not required.

3. Results

We identified 817 hepatitis A outbreak-associated cases via generation of the 10% random
sample. Of these, 812 were adults with documented information on ACIP indications

for hepatitis A vaccination (467 from Kentucky, 92 from Michigan, and 253 from West
Virginia). No cases included in the analysis had verifiable documentation of having received
the full 2-dose hepatitis A vaccination series before becoming infected. One hundred and
forty-one cases were epidemiologically linked to a known hepatitis A case.

Overall, 74.1% (602/812) of adult cases had a documented ACIP indication for hepatitis

A vaccination (Table 1). When restricted to ACIP recommendations during the study
period, 73.2% of adult cases had documentation of an ACIP indication for hepatitis A
vaccination (73.0% of Kentucky residents [341/467], 68.5% of Michigan residents [63/92],
and 75.1% of West Virginia residents [190/253]) (Table 1). Two longstanding ACIP
indications for hepatitis A vaccination (i.e., those recommended since 1996) were the most
prevalent indications for hepatitis A vaccination in the study population: use of injection
or noninjection drugs (459/812, 56.5%) and preexisting chronic liver disease (437/812,
53.8%) (Table 1). The other longstanding ACIP indications were less common in the

study population: MSM was identified for 2.9% of male cases (15/509) while international
travel was identified for 0.1% of cases (1/812) (Table 1). Newer ACIP indications for
hepatitis A vaccination that were approved after the study period ended but applied
retrospectively to the analytic sample included homelessness (92/812, 11.3%) and living
with HIV (2/812, 0.2%) (Table 1). Overall, more than one-third of adult cases had multiple
ACIP indications for hepatitis A vaccination (42.1% overall [342/812]; 42.4% of Kentucky
residents [198/467], 33.7% of Michigan residents [31/92], and 44.7% of West Virginia
residents [113/253]) (Table 1).

Among 141 hepatitis A outbreak-associated cases epidemiologically linked to a known
hepatitis A case, 8.5% (12/141) received PEP (Table 2). Of those epidemiologically linked
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cases with known PEP status, 13.6% of Kentucky residents (6/44), 21.4% of Michigan
residents (3/14), and 60.0% of West Virginia residents (3/5) received PEP (Table 2).
However, 66.7% of PEP recipients in each state received PEP outside the recommended
window (Table 2).

4. Discussion

Since 2016, person-to-person hepatitis A outbreaks that are unprecedented in the vaccine
era have impacted the United States. We analyzed a random sample of adult hepatitis

A outbreak-associated cases from three heavily-affected states and found that there were
substantial opportunities for improving adult hepatitis A vaccination — both before and
during the outbreaks.

Approximately three-quarters of the adult cases identified had a documented ACIP
indication for hepatitis A vaccination, yet none had verifiable documentation of receiving
the 2-dose vaccination series before infection. Consistent with our study results, self-
reported hepatitis A vaccination coverage among adults in the United States is low, even
among risk groups specifically recommended for hepatitis A vaccination by ACIP. In 2017,
according to data from the National Health Interview Survey, only 10.9% of adults =19
years reported receiving =2 HepA doses [6]. The same survey also examined hepatitis A
vaccination coverage specifically among adults =19 years with chronic liver conditions and
found that coverage improved compared to the general adult population, but was still low
at 20.8% [6]. According to a recent National Health and Nutrition Examination Survey
study, among US-born adults aged =20 years during 2007-2016, 24.9% of participants with
hepatitis B or hepatitis C, 26.9% of participants who reported injection drug use, and 34.8%
of participants who identified as MSM reported ever being vaccinated against hepatitis A,
respectively [7].

The risk-based ACIP recommendations for adult hepatitis A vaccination involve hard-to-
reach populations that might have limited access to routine health care or preventive
services. Since 2016, jurisdictions—including the three involved in this study—have
developed and implemented nontraditional vaccination strategies and innovative staffing
models (e.g., holding satellite vaccination clinics at facilities providing services to hard-to-
reach populations, such as correctional facilities, syringe services programs, and homeless
shelters; and expanding the authority of emergency medical technicians and pharmacists

to administer hepatitis A vaccine) to provide HepA vaccine to adults recommended for
vaccination during the person-to-person hepatitis A outbreaks [8-10]. However, such efforts
are labor and resource intensive.

The ACIP has recommended universal hepatitis A vaccination of all children aged 12-23
months since 2006 [11]. This recommendation has the potential to improve population
coverage by eliminating barriers associated with risk-based adult hepatitis A vaccination.
However, according to the most recent National Immunization Survey-Child data available,
coverage with =2 HepA doses by age 35 months was only 76.9%, one of the lowest

series completion coverage rates among ACIP-recommended childhood vaccinations [12].
Despite the low national coverage rate, from 2017 to 2019, the coverage rate with
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>2 HepA doses among children 19-35 months of age held steady in West Virginia

and improved approximately 8% in Kentucky and 18% in Michigan, suggesting that
public health messaging about the hepatitis A outbreaks improved provider awareness

of the need to vaccinate against hepatitis A [CDC, unpublished data]. State vaccination
requirements can be important tools for achieving and maintaining high vaccination
coverage rates. As of 2020, though, only 24 states had a childhood (childcare or school)
hepatitis A vaccine mandate [13]. Although the participants in our study cohort were

too old to benefit from the universal childhood hepatitis A vaccination recommendation,
comprehensive implementation of the universal childhood recommendation (and the 2020
catch-up recommendation for those aged 2-18 years [3]) will be vitally important to prevent
a future recurrence of the widespread person-to-person hepatitis A outbreaks currently
affecting the United States.

Despite being highly effective when administered as recommended within two weeks

of exposure, PEP was infrequently administered to cases we identified that were
epidemiologically linked to known outbreak-associated hepatitis A cases. This may be
indicative of the difficulty public health staff experienced in attempting to reach the
underserved populations most heavily affected by these outbreaks, and the reluctance of
outbreak-associated hepatitis A cases to identify their potential contacts by name. When PEP
was administered, it was given outside the recommended window twice as often as it was
given appropriately within the recommended window. These findings underscore the need to
improve awareness of hepatitis A PEP recommendations among public health professionals
and clinicians.

Our study has several limitations. First, risk factor data abstracted to determine the presence
of documented ACIP indications for hepatitis A vaccination were largely self-reported and
subject to recall and social desirability biases. Consequently, the results may underestimate
the actual prevalence of preexisting ACIP indications for hepatitis A vaccination. We
conducted a sensitivity analysis restricted to those with non-missing data and found

that 97.4% of cases eligible for inclusion had documentation of an ACIP indication for
hepatitis A vaccination. Second, we retrospectively assessed documentation of the most
recent ACIP indications for vaccination (e.g., people experiencing homelessness and people
living with HIV). Although these were not official ACIP recommendations for adult
hepatitis A vaccination during the study period, CDC did provide an outbreak-specific
recommendation in 2017 to vaccinate people experiencing unstable housing or homelessness
against hepatitis A in the context of person-to-person hepatitis A outbreaks [4,14].
Additionally, the difference between the prevalence of any ACIP indication restricted to
those officially in effect during the study period versus any ACIP indication assessed overall
was approximately 1%, suggesting that including the retrospective assessment of the most
recent indications for vaccination did not substantially alter the study results. Third, it is
possible that the hepatitis A vaccination status of some adult hepatitis A outbreak-associated
cases included in the analysis was misclassified. Health department staff conducting

case investigations inquired about hepatitis A vaccination status, cross-referenced state
immunization registries, and reviewed medical records when available. However, some
outbreak-associated cases were lost to follow-up and unable to be interviewed. Fourth,
whether PEP was offered (and patient responses to such offers) was not consistently
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captured. As a result, we were unable to account for attempted PEP administration that was
refused by patients in the PEP analysis. Finally, the representativeness of the study might

be limited because only three states experiencing person-to-person hepatitis A outbreaks
were included. However, Kentucky, Michigan, and West Virginia accounted for 40% of
publicly-reported person-to-person hepatitis A cases nationally at the end of the study period
in June 2019.

In summary, we identified substantial opportunities for improving adult hepatitis A
vaccination, both before and during the person-to-person hepatitis A outbreaks in Kentucky,
Michigan, and West Virginia. Nearly 75% of the adult cases included in this study had a
documented indication for vaccination; appropriate, timely vaccination could have prevented
substantial hepatitis A morbidity and mortality during the person-to-person hepatitis A
outbreaks. Continued implementation of nontraditional vaccination strategies should be
prioritized to reach at-risk adult populations involved in the ongoing outbreaks. Fewer than
20% of patients who should have received PEP because they were epidemiologically linked
to a known hepatitis A case received PEP; of those who did, two-thirds received PEP
outside the recommended two-week window when PEP is effective. Efforts are needed to
increase provider awareness of and adherence to ACIP childhood and adult hepatitis A
vaccination and PEP recommendations in order to stop the current person-to-person hepatitis
A outbreaks and prevent similar outbreaks in the future.

Acknowledgments

The authors extend their gratitude to Holly Hill, MD, PhD, and Laurie Elam-Evans, PhD, Centers for Disease
Control and Prevention, for their assistance with National Immunization Survey-Child data and analysis; the
Kentucky Department for Public Health, Division of Epidemiology and Health Planning, Reportable Diseases
Section; the Michigan Department of Health and Human Services - Surveillance and Infectious Disease
Epidemiology Section; the West Virginia Bureau for Public Health Hepatitis A Outbreak Response Team; and
local health department and hospital medical record department staff in Kentucky, Michigan, and West Virginia.

Abbreviations:

HAV hepatitis A virus

HepA hepatitis A vaccine(s)

ACIP Advisory Committee on Immunization Practices
MSM men who have sex with men

PEP postexposure prophylaxis

References

[1]. Innis BL, Snitbhan R, Kunasol P, Laorakpongse T, Poopatanakool W, Kozik CA, et al. Protection
against hepatitis A by an inactivated vaccine. JAMA 1994;271:1328-34. [PubMed: 8158817]

[2]. Werzberger A, Mensch B, Kuter B, Brown L, Lewis J, Sitrin R, et al. A controlled trial of a
formalin-inactivated hepatitis A vaccine in healthy children. N Engl J Med 1992;327(7):453-7.
[PubMed: 1320740]

Vaccine. Author manuscript; available in PMC 2024 March 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hofmeister et al.

Page 7

[3]. Nelson NP, Weng MK, Hofmeister MG, Moore KL, Doshani M, Kamili S, et al. Prevention of
hepatitis A virus infection in the United States: Recommendations of the Advisory Committee on
Immunization Practices, 2020. MMWR Recomm Rep 2020;69(5):1-38.

[4]. Centers for Disease Control and Prevention. Widespread person-to-person outbreaks of
hepatitis A across the United States. 2020. https://www.cdc.gov/hepatitis/outbreaks/2017March-
HepatitisA.htm [accessed 17 September 2021].

[5]. Hofmeister MG, Xing J, Foster MA, Augustine RJ, Burkholder C, Collins J, et al. Hepatitis
A person-to-person outbreaks: epidemiology, morbidity burden, and factors associated with
hospitalization - Multiple States, 2016-2019. J Infect Dis 2020. 10.1093/infdis/jiaa636.
[6]. Centers for Disease Control and Prevention. Vaccination coverage among adults
in the United States, National Health Interview Survey, 2017: hepatitis A
vaccination. 2019. https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-
resources/NHIS-2017.html#box2. [accessed 1 December 2020].
[7]. Yin S, Barker L, Ly KN, Kilmer G, Foster MA, Drobeniuc J, et al. Susceptibility to hepatitis A
virus infection in the United States, 2007-2016. Clin Infect Dis 2020. 10.1093/cid/ciaa298.
[8]. The County of San Diego. Hepatitis A outbreak
after action report; 2018. https://www.sandiegocounty.gov/content/dam/sdc/cosd/
SanDiegoHepatitisAOutbreak-2017-18-AfterActionReport.pdf [accessed 28 December 2020].

[9]. Philadelphia Department of Public Health Division of Disease Control. Hepatitis A outbreak
response update report; 2020. https://hip.phila.gov/Portals/_default/HIP/EmergentHealthTopics/
HepA/PDPH_HepatitisAOutbreak_ResponseUpdate_01.23.2020.pdf [accessed 28 December
2020].

[10]. Snyder MR, McGinty MD, Shearer MP, Meyer D, Hurtado C, Nuzzo JB. Outbreaks of hepatitis
A in US communities, 2017-2018: Firsthand experiences and operational lessons from public
health responses. Am J Public Health 2019;109(S4):S297-302. [PubMed: 31505154]

[11]. Fiore AE, Wasley A, Bell BP. Prevention of hepatitis A through active or passive immunization:
Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep 2006;55:1-23.

[12]. Hill HA, Yankey D, Elam-Evans LD, Singleton JA, Pingali SC, Santibanez TA. Vaccination
coverage by age 24 months among children born in 2016 and 2017 - National Immunization
Survey-Child, United States, 2017-2019. MMWR Morb Mortal Wkly Rep 2020;69(42):1505-11.
[PubMed: 33090985]

[13]. Immunization Action Coalition. Hepatitis A vaccine mandates for child care and K-12. 2019.
https://www.immunize.org/laws/hepa.asp [accessed 28 December 2020].

[14]. Centers for Disease Control and Prevention. Outbreak-specific considerations
for hepatitis A vaccine administration; 2020. https://www.cdc.gov/hepatitis/outbreaks/
InterimOutbreakGuidance-HAV-VaccineAdmin.htm [accessed 22 December 2020].

Vaccine. Author manuscript; available in PMC 2024 March 25.


https://www.cdc.gov/hepatitis/outbreaks/2017March-HepatitisA.htm
https://www.cdc.gov/hepatitis/outbreaks/2017March-HepatitisA.htm
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/NHIS-2017.html#box2
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/NHIS-2017.html#box2
https://www.sandiegocounty.gov/content/dam/sdc/cosd/SanDiegoHepatitisAOutbreak-2017-18-AfterActionReport.pdf
https://www.sandiegocounty.gov/content/dam/sdc/cosd/SanDiegoHepatitisAOutbreak-2017-18-AfterActionReport.pdf
https://hip.phila.gov/Portals/_default/HIP/EmergentHealthTopics/HepA/PDPH_HepatitisAOutbreak_ResponseUpdate_01.23.2020.pdf
https://hip.phila.gov/Portals/_default/HIP/EmergentHealthTopics/HepA/PDPH_HepatitisAOutbreak_ResponseUpdate_01.23.2020.pdf
https://www.immunize.org/laws/hepa.asp
https://www.cdc.gov/hepatitis/outbreaks/InterimOutbreakGuidance-HAV-VaccineAdmin.htm
https://www.cdc.gov/hepatitis/outbreaks/InterimOutbreakGuidance-HAV-VaccineAdmin.htm

Page 8

Hofmeister et al.

"SISOYJI19 JO ‘siireday sunwiwioIne ‘aseasip JaAl| Alje) 91|0U0d[eUOU ‘aSeasIp JaAI| J1]0YodJe ‘(p10dal [edlpaw 8y} ul pasoulelp J siireday Jo ‘UoIdajul JUBLIND 10 3iNS0dxa Jorid JO 8dUapIAS AloJeloqe])
2 sneday Jo A1olsiy ‘(pJooas [earpaw ayy ul pasoubelp g sijeday Jo ‘uoijoayul 1uaIng Jo ainsodxa Jouid Jo aduapins Alojeloge]) g snireday Jo Aloisiy se ‘sisAjeue ay Jo sasodind ay) 4o} ‘pauaq

3

“TGT = U BIUIBIIA 1S3 ‘€9 = U UBBIYDI ‘G6Z = U AfOMUs ‘60G = U |[RISAQ "S8SED 3[ew }Npe 0} paloLisay

14

"|e101 Buowe uo1eaIpUI 41DV PaKI9ads Yim sased v siireday 3npe Jo Jaquinu paiiiens-alels pue __émsoN

(Lvp) €Tt (Leg) 1e (zy) 86T (Tzy) eve suomeatput ajdnniN
(6'52) z6T (9'69) ¥9 (Tv2) ove (T'v2) 209 uoneoIpul Auy
[12EYe]
(00)o (00)0 (000 (0c0)o suomeatput ajdnniN
(9zm) 2e (ozm) 11 (6'01) 1S (911) ¥6 uoneoIpul Auy
(000 Tt (zo)t (czo)z AIH Uim Buini] sjdoad
(9zm) 2e (6'01) 0T (£'01) 05 (e'11) 26 ssaussajatuioy Burouatiadxa ajdoad
AlaAnoadsonal
passasse pue potdad Apnis ay} Jaye pajuswajdwi suonedipui di419ads
(ezv) LoT (e62) L2 (8'8¢) 181 (8'8¢) G1€ suomeatput adnniN
(T°s2) 06T (5'89) €9 (0eL) ve (cel) v6S uoneoIpul Auy
(€28) sp1 (8've) ze (2'55) 092 (8'€s) Lev £3SEASIP JaAI| 21UOIYO Ynm 3|doad
(T°09) 25T (T'19) LY (£'s5) 092 (5'99) 65¥ sBnup uonoaluiuou Jo uonosful asn oym ajdoad
(c0o (1) 11 Gk (62) 5T ZUBL LRIM XBS SABY OUM USIN
uondajul Jo Adiwspua
(00)o TnT (00o (to)t ajeIpawIBiuI 10 ybiy sney Jey saLunod ul Bunjiom Jo oy Buifsnel) sjdoad
pouad Apnis Buiinp 10819 Ul suoiealpul oy19ads
(%)

u ‘(gGz = u) elUIBIIA 1S9

(%) u ‘(26 = u) UeBIPIN

(%) u ‘(29 = u) Apnued

(%) u ‘(18 = U) | PAO

uolfeundeA v siifedey 1o} UOIEIPUI d 1DV

Author Manuscript

£'6T02-9TOZ ‘BIUIBIIA 1S9 PUE ‘UBBIYDIAL A5oNIua)] — S8sed Paleloosse
-ea101n0 v/ snieday 1npe Buole uoneuI1d9RA v/ siieday J0) SUOIRDIPUI S80110BId UOIRZIUNWW| 10) 8811WW0)) AIOSIAPY Palusawiniop J0o adus|endld

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 March 25.



Page 9

Hofmeister et al.

'd3d 9A13931 PIP 1By S3SeD Y siieday payeroosse-yeaiqino paxull Ajjeaibojoiwspida asoyl 0} umuo_zmmmm

“(R1IUIBIA 1S3/ 10§ GG = U ‘UBBIYDIIA 10§ #T = U ‘AOMUSY 10§ 2/ = U ‘||RIBA0 THT = U) 958D Paje1d0sse-ealqino v siireday umouy e o) paxuil Ajfeaifojoiwapids se payeubisap a1am OUm 3soy) 0} Pa1oLIsay

T
'sixe]Aydoud ainsodxaisod ‘d3d :suoneinaiqay

(6'06) 05 (000 (6'8¢) 82 (£'GG) 8L snyeis d3d UmouNUN UM sased v sijeday pajeroosse-yealgqino paxui| Ajjeatbojoiwapida jo uoniodold
(1'99) z (199) z (1'99) ¥ (2'99) 8 ZMOpUIM PapUaIWIOdBI 38U} 8PISINO PalslsiullIpe Sem d3d

(s9)¢ (r1e)e (e8)9 (s8)er d3d 3A19031 pIp ey sased v siijeday pajeroosse-yeaigino paxull AjjeaiBojoiwapida yo uorodold

(9¢) ¢ (982) 11 (829) 8¢ (z9e) TS d3d 8A19091 30U PIp Jey) Sased V7 siIFeday payeroosse-eaiqino pasul| Ajjeatfiojoiwapids o uonodold

(%) U elUBIIA19M (%) U 'UeBIYIIN (%) U ‘Apniued (%) U ‘IR PAO

' (T¥T = u) 6T0Z-9T0Z "eIUIBIIA 1S3/ pue ‘UeBIydIN
NJUB — 8SeD W Sijeday umouy| e 0] paxul] Ajjeaibojolwspida sased pajeldosse-yealqino v siiredsy buowe uonensiutwpe sixejAydosd ainsodxsisod
‘K1 d A|1ea1b d day 6 Aydoud d

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 March 25.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Table 1
	Table 2

