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Abstract

Pertussis remains a significant public health concern despite widespread vaccination
programs, with healthcare workers (HCWs) increasingly recognised as both
susceptible populations and potential sources of nosocomial transmission to
vulnerable infants. While many high-income countries have established
comprehensive HCW pertussis vaccination policies, Malaysia lacks formal national
guidelines despite documented infant pertussis burden. This narrative review
examines global healthcare worker pertussis vaccination policies and their
applicability to Malaysia, evaluating evidence on nosocomial transmission,
vaccination strategies, cost-effectiveness, and policy implementation. A narrative
review was conducted in accordance with established guidelines for literature
synthesis. Multiple databases, including PubMed, Scopus, and Web of Science, were
searched for peer-reviewed literature on pertussis vaccination policies, nosocomial
outbreaks, HCW immunisation strategies, and economic evaluations. Grey literature
from government health agencies was included to capture policy documents.
Healthcare workers demonstrate substantial pertussis susceptibility globally, with
seroprevalence studies showing 48.3-51.7% lacking protective immunity.
Documented nosocomial outbreaks indicate a significant risk of transmission to
vulnerable infants. International policies vary considerably: Australia, the United
Kingdom, and Canada mandate or strongly recommend Tdap vaccination for HCWs
as part of occupational health programs, while Malaysia lacks specific HCW
vaccination guidelines. Cost-effectiveness analyses show that HCW vaccination
programs yield net savings of $17.84 per dollar spent when productivity losses are
included. Substantial evidence supports the implementation of mandatory Tdap
vaccination policies for Malaysian healthcare workers. Recommendations include
establishing national HCW vaccination guidelines, providing free workplace
vaccination programs, and implementing pre-employment vaccination requirements.
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INTRODUCTION

Pertussis, caused by the Gram-negative bacillus Bordetella pertussis (Gabutti et al., 2016),
spreads through aerosolized droplets and remains a highly contagious respiratory infection
despite the availability of vaccines for over 70 years (Domenech de Celles et al., 2016). The
disease can affect people of all ages; however, the burden is particularly severe among infants
under six months, especially those who are unvaccinated or under-vaccinated (Mohamed et al.,
2022). Globally, pertussis was estimated to cause approximately 19.5 million cases in 2019,
with Southeast Asia experiencing one of the highest regional burdens (Nguyen et al., 2025). In
2014, pertussis was projected to have caused over 160,000 deaths in children under five, with
Southeast Asia bearing the second-highest mortality burden (Yeung et al., 2017). The discase
has re-emerged with heterogeneous patterns worldwide, with outbreaks reported in at least 42
countries by mid-2025 (Nguyen et al., 2025).

Recent data from Sarawak, Malaysia, revealed that among infants under 12 months
admitted to hospital between 2015 and 2021, 18% of tested infants had PCR-confirmed
pertussis, with an average annual incidence of 482 per 100,000 infants (Mohan et al., 2024). In
a separate national surveillance study, 12.7% of hospitalized infants aged less than six months
with symptoms consistent with pertussis had laboratory-confirmed infection, with the majority
(89.3%) occurring in infants too young to be fully vaccinated or under-vaccinated for their age
(Mohamed et al., 2022). In England, the UK Health Security Agency (UKHSA) reported 10,493
confirmed cases of pertussis between January and June 2024, with 10 infant deaths during

Current evidence indicates an epidemiological shift in pertussis, with increasing
recognition of cases among adolescents and adults due to waning vaccine-induced immunity
and improved diagnostic capabilities (Nguyen et al., 2025; Maclntyre et al., 2024). Adults and
adolescents now serve as under-recognized reservoirs of infection, capable of transmitting
pertussis to vulnerable infants who are too young to be fully immunized (Nguyen et al., 2025;
Kardos et al., 2024). This transmission dynamic is particularly concerning in healthcare settings,
where healthcare workers (HCWSs) have been implicated in transmission chains affecting
neonates and patients. The global resurgence of pertussis cases underscores the urgent need for
enhanced vaccination strategies. Booster vaccinations for adolescents and adults, including
HCWs, have gained attention as a measure to reduce transmission within the broader population
and provide protection to those at highest risk (Nguyen et al., 2025; Maclntyre et al., 2024).
However, implementing adult vaccination remains challenging due to low awareness of the risk
of pertussis in adults, limited time or funding for vaccination programs, low prioritization by
healthcare providers, misconceptions about the necessity of vaccination, and infrequent
proactive recommendations from clinicians (Nguyen et al., 2025; Choi et al., 2022).

Despite the documented burden of pertussis and the recognized role of adults,
particularly HCWs in disease transmission, gaps remain in understanding optimal vaccination
strategies for HCWs in Malaysia. The objective of this narrative review is to examine pertussis
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vaccination policies for HCWs in various countries and conduct a comparative analysis with
the situation in Malaysia. Specifically, this review focuses on pertussis outbreaks in healthcare
facilities, vaccination strategies and coverage among HCWs, and evidence on the cost-
effectiveness of vaccinating HCWs against pertussis. By synthesizing global lessons and best
practices, this review aims to inform policy recommendations to close the immunity gap and
improve HCW pertussis vaccination in Malaysia.

METHODS

This narrative review followed established guidelines for synthesizing the literature and
integrating qualitative evidence (Greenhalgh et al., 2018; Ferrari, 2015). We conducted a
comprehensive literature search across three major databases (PubMed, Scopus, and
ScienceDirect) for English-language articles published between 2000 and 2025. Our search
strategy combined key terms across four domains: (1) disease-related terms ("pertussis,"”
"Bordetella pertussis," "whooping cough"); (2) vaccination terms ("pertussis vaccine," "Tdap,"
"acellular pertussis vaccine"); (3) population-specific terms ("healthcare workers," "HCW,"
"hospital staff™); and (4) policy-related terms ("vaccination policy," "immunization guidelines,"
"outbreak management"). Boolean operators (AND, OR) were applied to construct
comprehensive search strings (Bramer et al., 2017). The search was supplemented by backward
and forward citation tracking and examination of grey literature from key health organizations,
including the World Health Organization (WHO), Centers for Disease Control and Prevention
(CDC), UK Health Security Agency (UKHSA), and the Malaysian Ministry of Health (Adams
et al., 2016; Paez, 2017). Articles were selected based on relevance to HCW pertussis
vaccination policies, outbreak evidence, barriers to vaccination, and implementation strategies,
with priority given to peer-reviewed studies, clinical guidelines, and policy documents from
high-income countries with established HCW vaccination programs.

Two independent reviewers screened titles, abstracts, and full texts using predefined
inclusion criteria: studies addressing pertussis epidemiology, vaccine efficacy, outbreak
management in healthcare settings, or vaccination policies, with particular focus on Southeast
Asia and Malaysia. We excluded case reports, non-English publications without available
translations, and studies that were not relevant to healthcare worker vaccination or pertussis
control policies. Discrepancies were resolved through discussion or adjudication by a third
reviewer. The search identified 1,432 articles; after duplicate removal, 992 remained. Title and
abstract screening excluded 823 articles, and full-text review excluded an additional 99 articles.
In total, 56 articles were included in the narrative synthesis. Data were synthesized thematically
to examine pertussis transmission in healthcare settings, HCW vaccination coverage and
effectiveness, barriers to implementation, and cost-effectiveness evidence (Baethge et al.,
2019).

RESULTS

Nosocomial Pertussis: Outbreak Evidence and Healthcare Worker Susceptibility

The epidemiological landscape of pertussis has shifted dramatically in recent decades. While
infants have historically been the primary affected demographic, adults—particularly healthcare
workers and family caregivers—have emerged as critical sources of infection due to waning
immunity and atypical clinical presentations (Cherry, 2012). This epidemiological shift has
transformed healthcare facilities into potential outbreak epicenters, with documented
nosocomial pertussis epidemics resulting in substantial morbidity among vulnerable patient
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populations, significant operational disruption, and considerable financial burden for healthcare
institutions (Calugar et al., 2006; Yasmin et al., 2014).

Multiple documented outbreaks demonstrate the profound impact of nosocomial
pertussis transmission. A neonatal intensive care unit outbreak in Louisville, Kentucky, exposed
72 infant patients and 72 healthcare workers, requiring extensive antibiotic prophylaxis and
resulting in four confirmed HCW cases with cough illness duration ranging from 11 to 25 days
before identification (Bryant et al., 2006). An Arizona NICU outbreak involved 15 confirmed
pertussis cases (5 infants and 10 healthcare professionals) (Yasmin et al., 2014). In a
haematology-oncology unit, 10 of 117 employees (8.5%) developed pertussis after exposure to
a single infected healthcare worker, although prompt isolation measures prevented patient-to-
patient transmission (Boulay et al., 2006). A French hospital outbreak documented transmission
from an infected HCW to colleagues who subsequently infected two immunosuppressed
patients, highlighting the vulnerability of high-risk populations (Bassinet et al., 2004). These
outbreaks consistently demonstrate that HCWs with prolonged unrecognized cough illness
serve as primary transmission sources, with diagnostic delays averaging 11-25 days
contributing to extensive exposure of vulnerable patient populations (Bryant et al., 2006;
Pascual et al., 2006).

Seroprevalence studies reveal substantial susceptibility among healthcare workers
worldwide. In Spain, de Juanes et al. (2004) found 51.7% seroprevalence among HCWs during
routine health examinations at a Madrid university hospital, with similar findings (51.7%)
reported by Urbiztondo et al. (2015) in Catalonia. Asian studies report comparable or lower
rates: Higa et al. (2008) reported 43.8% IgG-PT antibody positivity among Japanese university
hospital personnel, whereas Choi et al. (2018) reported 33.7% prevalence at a Korean
institution. A systematic review of annual pertussis incidence among HCWs reported rates of
1.3% among resident physicians and 3.6% among emergency department staff—significantly
higher than those for most other vaccine-preventable diseases targeted for HCW vaccination
(Wright et al., 1999). These data collectively demonstrate that a substantial proportion of
healthcare workers lack protective immunity against pertussis, creating ongoing risk for
nosocomial transmission to vulnerable patients, including neonates, immunocompromised
individuals, and those too young for complete vaccination.

Healthcare Worker Pertussis Vaccination Policies: International Comparison

HCWs are at increased risk of contracting vaccine-preventable diseases, including pertussis,
due to occupational exposure to infected patients and may serve as potential sources of
nosocomial transmission, particularly to vulnerable patients who are immunocompromised, too
young for vaccination, or unable to mount adequate immune responses (Kretsinger et al., 2006).
The tetanus, diphtheria, and acellular pertussis (Tdap) vaccine, licensed in 1991, is approved
for adolescents and adults (aged 11-64 years in the U.S.) and has demonstrated 92% efficacy
against culture- or PCR-confirmed pertussis within 2.5 years of vaccination (Kretsinger et al.,
20006).

Globally, policies regarding HCW pertussis vaccination vary considerably. The Global
Pertussis Initiative (GPI) and the International Consensus Group on Pertussis Immunisation
recommend replacing routine tetanus-diphtheria (Td) boosters with Tdap for all adults,
prioritising HCWs, parents, and childcare workers (Campins-Marti et al., 2001). In the United
States, since February 2006, the CDC's Advisory Committee on Immunisation Practices (ACIP)
designated HCWs as a priority group for Tdap vaccination, recommending a single dose for all
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healthcare personnel with direct patient contact, regardless of interval since last tetanus-
containing vaccine (Kretsinger et al., 2006). Whereas in the United Kingdom, the Joint
Committee on Vaccination and Immunisation (JCVI) advised in 2016 that HCWs with direct
contact with vulnerable patients (pregnant women and/or infants) are priority groups for
immunisation. From July 2019, following an improvement in vaccine supply, occupational
pertussis vaccination became available for HCWs who have not received a pertussis-containing
vaccine in the last 5 years and have regular contact with pregnant women or young infants under
3 months of age (UK Health Security Agency [UKHSA], 2024). In Australia, the Australian
Immunisation Handbook recommends that all healthcare workers receive the dTpa vaccine
every 10 years, given the significant risk of transmitting pertussis to vulnerable patients and the
waning of vaccine immunity (Australian Government Department of Health and Aged Care,
2023). This recommendation is incorporated into occupational health policies across Australian
states and territories. In Canada, healthcare workers are recommended to receive Tdap
vaccination as part of occupational health programs, with provincial policies varying in
implementation details but uniformly aligned to protect vulnerable patient populations,
particularly infants (Public Health Agency of Canada, 2018).

Malaysia's Pertussis Vaccination Programme and Policy Gaps

Malaysia incorporated pertussis vaccination into its National Immunization Programme (NIP)
in 1976, protecting infants and children through doses administered at 2, 3, and 5 months of
age, with a booster at 18 months In 2020, the vaccine formulation was updated from pentavalent
Pentaxim to hexavalent Hexaxim, maintaining the acellular pertussis component while
protecting against additional diseases (Aljunid et al., 2022). However, unlike several developed
nations with comprehensive adult pertussis vaccination guidelines, Malaysia currently lacks
official recommendations for adult immunization, particularly for high-risk groups such as
HCWs. Malaysia's Ministry of Health has yet to implement a national vaccination policy for
HCWs against pertussis despite documented disease burden and nosocomial transmission risks
(Nguyen et al., 2025). A multi-country study demonstrated that pertussis remains under-
recognized as a substantial disease burden among adults in Asia, including Malaysia. In
Malaysia, Taiwan, and Thailand, approximately 5% of adult patients presenting with a cough
lasting at least two weeks had serological evidence of pertussis infection.

In contrast, more than two-thirds lacked immunity (Koh et al., 2016). However, a 2021
study in Sabah and Sarawak found that 86.9% of HCWs were willing to receive the vaccine if
officially recommended (Michal et al., 2021), suggesting high acceptability should a policy be
introduced. This presents a significant opportunity for Malaysia to leverage existing HCW
support to establish comprehensive vaccination guidelines aligned with international best
practices.

Economic Burden and Cost-Effectiveness of Healthcare Worker Vaccination

The financial impact of nosocomial pertussis outbreaks is substantial, with documented costs
ranging from $6,500 per case in neonatal units to $43,893 per case in general hospitals (Baggett
et al., 2007; Yasmin et al., 2014). Major expenditures include post-exposure prophylaxis,
workforce furloughs, contact tracing, diagnostic testing, and infection control measures, with
single outbreaks exceeding $260,000 (Calugar et al., 2006; Leekha et al., 2009). Preventive
HCW immunisation demonstrates strong cost-effectiveness. Economic modelling indicates that
Tdap vaccination could reduce pertussis incidence by more than 46% annually, yielding net
savings of $2.38 per dollar invested (Sandora et al., 2008). Hospitals that implement mandatory
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vaccination policies report fewer outbreaks and lower containment costs than those that use
voluntary programs (Zhang et al., 2011).

DISCUSSION
Barriers and Strategies for Healthcare Worker Pertussis Vaccination

Despite recommendations for Tdap (tetanus, diphtheria, and acellular pertussis) vaccination,
HCW immunization rates remain suboptimal globally due to multiple interconnected barriers.
At the individual level, vaccine hesitancy persists due to concerns about side effects, perceived
low risk, and misconceptions about vaccine safety (Fortunato et al., 2015; Yaqub et al., 2014).
Recent evidence indicates that low awareness of adult pertussis burden and insufficient
recognition of HCWs' role in nosocomial transmission contribute to low prioritization (Kardos
et al., 2024; Maclntyre et al., 2024). Unlike influenza, pertussis is not consistently recognized
as an occupational hazard, which can lead to complacency, particularly among HCWs not
working directly with neonates (Weber & Rutala, 1998; Sandora et al., 2008). (Weber & Rutala,
1998; Sandora et al., 2008). At the institutional level, logistical and financial barriers impede
uptake. Many healthcare facilities do not provide free on-site vaccinations, forcing HCWs to
seek immunization externally, which substantially reduces uptake (Maltezou et al., 2014; See,
2025). Time -constraints, particularly among shift workers, further limit vaccination
opportunities (Maclntyre et al., 2024). Additionally, poor surveillance and reporting of HCW
vaccination coverage obscure gaps and prevent targeted interventions (Regan, 2025).

Successful intervention strategies fall into three key categories. Access
interventions include providing free on-site vaccination during working hours, mobile
vaccination teams visiting different departments, extended clinic hours for shift workers, and
walk-in availability. Educational and promotional strategies comprise targeted education
addressing misconceptions, leadership modelling through visible vaccination of institutional
leaders, active offers during onboarding, and campaigns communicating disease risk and
vaccine benefits (de Koning et al, 2024). Systems-level approaches involve standing orders
authorizing vaccination without physician approval, provider reminder systems, departmental
audit and feedback on vaccination rates, and routine surveillance with public reporting to
identify low-coverage areas requiring intervention (Wennekes et al., 2024). Evidence
consistently demonstrates that multicomponent interventions that combine elements from
multiple categories achieve superior outcomes than single-strategy approaches (Clari et al.,
2024).

Policy Implications and Recommendations for Malaysia

The evidence reviewed has direct implications for Malaysia's pertussis control strategy.
Malaysia currently lacks a national policy on adult pertussis vaccination, including specific
recommendations for HCWs, despite documented pertussis burden and high HCW willingness
(86.9%) to be vaccinated if officially recommended (Michal et al., 2021). Based on international
best practices and evidence from implementation science, we propose the following actionable
recommendations. First, the Malaysian Ministry of Health should establish a national policy
recommending Tdap vaccination for all HCWs, with priority for those in neonatal, paediatric,
and maternity settings. The policy should specify a single Tdap dose for HCWs without prior
adult pertussis vaccination and include Tdap in pre-employment health screening. Second,
healthcare institutions should implement employer-funded, on-site vaccination programmes led
by occupational health units. These should provide free vaccinations during routine
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occupational health visits and at employee onboarding, establish mobile clinics that
accommodate all shifts, and eliminate out-of-pocket costs for HCWs (Maltezou et al., 2014).
Third, pertussis vaccination training should be integrated into mandatory Continuing Medical
Education and Continuing Professional Development requirements, emphasizing HCWs' role
in preventing nosocomial transmission and addressing safety misconceptions through peer-led
educational sessions (Choi et al., 2022). Fourth, Malaysia should establish systematic
monitoring by requiring healthcare facilities to report HCW Tdap vaccination coverage
annually to the Ministry of Health, with a target of 80% within two years and a linkage to
hospital accreditation standards (Regan, 2025). Fifth, implementation should leverage existing
National Immunization Programme infrastructure for vaccine procurement and distribution and
collaborate with ASEAN countries—particularly Thailand and Singapore—to share best
practices and harmonize approaches (Nguyen et al., 2025). Finally, a phased implementation
approach is recommended: pilot programmes in selected tertiary hospitals with high neonatal
and paediatric caseloads; expansion to all tertiary and selected secondary hospitals; and
nationwide coverage, with impact evaluation. This approach allows iterative learning,
stakeholder engagement, and resource mobilization while demonstrating feasibility. Improving
HCW pertussis vaccination in Malaysia has broader implications beyond direct protection.
HCWs serve as role models for vaccination behaviour, their vaccination reduces healthcare
system disruptions from outbreaks, and the infrastructure developed can be leveraged for other
adult vaccines and high-risk groups (Choi et al., 2022). Establishing a successful HCW pertussis
vaccination programme represents a strategic investment in strengthening Malaysia's broader
adult immunization system.

Limitations and Future Research

This review has limitations, including the narrative (non-systematic) approach, limited country-
specific policy data for middle-income settings, scarcity of cost-effectiveness analyses
applicable to Malaysia, and potential underreporting of nosocomial pertussis cases in Malaysian
facilities. Future research should establish HCW seroprevalence baselines, conduct Malaysia-
specific cost-effectiveness analyses, implement and evaluate pilot vaccination programmes,
strengthen nosocomial surveillance, and explore HCWs' perceptions to inform culturally
appropriate interventions. Regional ASEAN collaboration could accelerate evidence generation
and implementation.

CONCLUSION

This narrative review examined healthcare worker pertussis vaccination policies globally and
revealed a critical gap in Malaysia's approach. While high-income countries have established
comprehensive HCW vaccination policies that successfully reduced nosocomial outbreaks,
Malaysia lacks formal national guidelines despite documented disease burden and high HCW
willingness to be vaccinated. Three key findings emerge: healthcare workers face elevated
occupational risk and serve as documented sources of outbreaks affecting vulnerable patients;
low vaccination rates stem from limited awareness, complacency, inadequate workplace access,
and the absence of monitoring systems; and multicomponent interventions combining on-site
vaccination, targeted education, and surveillance achieve superior, cost-effective outcomes.
Malaysia's opportunity is clear—with 86.9% of HCWs willing to accept Tdap if officially
recommended, decisive policy action can protect vulnerable patients, strengthen the adult
immunisation system, and position Malaysia as a regional leader in healthcare worker
vaccination within ASEAN.
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