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Abstract

Background and Objectives: Timely and adequate access to safe blood forms an inte-

gral part of universal health coverage, but it may be compromised by natural or man-

made disasters. This systematic review provides an overview of the best available scien-

tific evidence on the impact of disasters on blood donation rates and safety outcomes.

Materials and Methods: Five databases (The Cochrane Library, MEDLINE, Embase,

Web of Science and CINAHL) were searched until 27 March 2020 for (un)controlled

studies investigating the impact of disasters on blood donation rates and/or safety.

Risk of bias and overall certainty of the evidence were assessed using the Grading of

Recommendations, Assessment, Development and Evaluation (GRADE) approach.

Results: Eighteen observational studies were identified, providing very low certainty

of evidence (due to high risk of bias, inconsistency and/or imprecision) on the impact

of natural (12 studies) and man-made/technological (6 studies) disasters. The avail-

able evidence did not enable us to form any generalizable conclusions on the impact

on blood donation rates. Meta-analyses could not detect any statistically significant

changes in transfusion-transmissible infection (TTI) rates [hepatitis B virus

(HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV)-1/2, human

T-lymphotropic virus I and II (HTLV-I/II) and syphilis] in donated blood after a disas-

ter, either in first-time or repeat donors, although the evidence is very uncertain.

Conclusion: The very low certainty of evidence synthetized in this systematic review

indicates that it is very uncertain whether there is an association between disaster

occurrence and changes in TTI rates in donated blood. The currently available evi-

dence did not allow us to draw generalizable conclusions on the impact of disasters

on blood donation rates.
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Highlights

• It is very uncertain whether there is an association between disaster occurrence and statisti-

cally significant changes in transfusion-transmissible infection rates [hepatitis B virus (HBV),
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hepatitis C virus (HCV), human immunodeficiency virus (HIV)-1/2, human T-lymphotropic

virus I and II (HTLV-I/II) and syphilis] in donated blood.

• The currently available evidence does not allow us to draw any generalizable conclusions on

the impact of disasters on blood donation rates.

INTRODUCTION

Transfusion of blood and blood components helps save millions of

lives each year. As a result, blood and blood components are included

in the Model List of Essential Medicines of the World Health Organi-

zation (WHO), which is a list of medicines that need to be available in

a functioning health system at all times, in appropriate dosage forms,

of assured quality and at prices individuals and the community can

afford [1]. Blood services have the important task of maintaining a

sufficient and safe blood supply [2]. A voluntary non-remunerated

donation system is the best way to maintain a continuous, sustainable

and safe supply of blood [3]. To minimize the risk of transfusion-

transmitted infections (TTIs), a rigorous donor selection process is in

place. The WHO recommends deferring high-risk blood donors based

on the results of general donor assessment, donor medical history and

TTI risk assessment [2]. In addition, blood donors (or donations)

should be screened for, at a minimum, the most common TTIs: human

immunodeficiency virus (HIV)-1/2, hepatitis B virus (HBV), hepatitis

C virus (HCV) and syphilis.

Blood services must be prepared to respond quickly to changes in

the everyday world, such as the occurrence of disasters. The United

Nations Office for Disaster Risk Reduction defines a disaster as ‘a
serious disruption of the functioning of a community or a society at

any scale due to hazardous events interacting with conditions of

exposure, vulnerability and capacity, leading to one or more of the

following: human, material, economic and environmental losses

and impacts’ [4]. These events are actualizations of hazards, which

can be natural (e.g. seismic, meteorological, biological), man-made

(e.g. technological, inter-human relationships such as terrorist attacks

or war) or mixed (e.g. health-related, deforestation or drought) [5].

When disaster strikes, the blood supply chain may be affected in

different ways. Blood supply may be disrupted, for example, because

of damaged donor centres or staffing issues, or reduced donor avail-

ability. Depending on the disaster type and magnitude, blood demand

may increase as a result of higher blood transfusion requirements.

Such a scenario could result in blood shortages. Conversely, altruistic

responses of potential blood donors, often donating for the first time,

may lead to unnecessarily high stocks of blood, which may need to be

destroyed because of their limited shelf-life [6]. Blood services should

therefore have emergency plans in place to alleviate the stress in case

of a disaster. The needs for blood should be assessed, and appeals to

the community should be made only if absolutely necessary [7, 8]. Ide-

ally, regular protocols for donor deferral should be maintained in order

to ensure blood (component) safety. However, in response to certain

types of emergencies where the risk of failure to provide blood would

result in greater adverse health outcomes than the risk of issuing (par-

tially) unscreened blood, blood services and the relevant regulatory

authorities, governments and stakeholders may choose to deviate

from standard procedures [9].

Currently, there is no systematic overview of the literature on the

impact of disasters on blood donation rates, and in particular the num-

ber of first-time donors. Furthermore, it is unclear whether a disaster

would adversely affect the TTI rates. Therefore, we conducted a sys-

tematic review to answer the following question: ‘In (candidate) blood

donors (Population), does the occurrence of a disaster (Intervention/

exposure) compared to no disaster (Comparison), affect blood dona-

tion rates and/or blood safety (Outcome)?’

MATERIALS AND METHODS

This systematic review was not prospectively registered, nor was a

protocol prepared. It was carried out according to the pre-defined

methodological standards of the Centre for Evidence-Based Practice

[10]. Its reporting adheres to the PRISMA 2020 checklist

(Table S1) [11].

Eligibility criteria

Study design and publication type

Studies using an experimental [randomized, quasi- or non-randomized

controlled trials, (un)controlled before–after studies or (un)controlled

interrupted time series] or observational design [cohort, case–control,

(un)controlled before–after, cross-sectional studies and (un)controlled

interrupted time series] were eligible for inclusion. Other designs

including computational modelling studies, case reports/series, narra-

tive reviews and non-original studies (e.g. editorials, book reviews,

and commentaries) were excluded. Conference abstracts were

included if the data were not covered by a peer-reviewed publication.

Other non-peer-reviewed publications and letters to the editor were

excluded.

Population

All (candidate) whole-blood/plasma/platelet donors visiting or con-

tacting blood collection centres were eligible for inclusion, regardless

of donor status (i.e. first-time or repeat donors) and the blood
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donation system used (i.e. voluntary non-remunerated, family/

replacement or remunerated).

Intervention

Studies were included if they investigated the impact of any natural disas-

ter (including, but not limited to cyclonic storms, droughts, floods, ava-

lanches, earthquakes, landslides, tsunamis, tidal waves, acid rain, volcanic

eruption, wildfires, storms, hurricanes, typhoons, blizzards, cyclones, heat

waves, cold waves, extreme weather, rodent or insect infestation), tech-

nological or man-made disaster (including, but not limited to work-place,

transport, biological accidents, acts of terrorism, warfare, armed conflicts,

displacement of populations, starvation and famine) [12]. Studies were

included regardless of whether they were accompanied by an active call

to donate or not to donate blood (components). Studies investigating out-

breaks (including epidemics and pandemics) were excluded.

Comparison

Studies were included if they compared donation rates and/or safety

outcomes during a disaster scenario to those during a non-disaster

scenario (e.g. pre-disaster).

Outcome

Studies containing quantitative data on outcomes reflecting blood

donation rates and/or blood safety were eligible for inclusion.

For blood donation rates, these included the units of blood

donated and the number of blood donors showing up at the blood

bank either spontaneously or in response to an active call. Signs of

willingness to donate blood in response to an active call to donate or

an active call not to donate blood immediately (number of new donor

registrations, website visits, phone calls to the blood bank centres)

were also included. The number of blood units transfused, blood

transfusions performed and patients requiring blood transfusion were

not of interest.

Blood safety outcomes eligible for inclusion were positive screen-

ing reactivity rates or confirmed infection rates for TTIs, including all

bacterial infections by blood-borne bacteria and all viral infections

transmissible through transfusion: hepatitis B virus (HBV; hepatitis B

surface antigen [HBsAg] and/or anti-hepatitis B core antibody [anti-

HBc]); hepatitis C virus (HCV; anti-HCV antibody); human immunode-

ficiency virus 1 and 2 (HIV-1/2; anti-HIV-1/2 antibodies, HIV p24

antigen); human T-lymphotropic virus I and II (HTLV-I/II; anti-HLTV-I/

II antibodies) and syphilis (rapid plasma reagin [RPR] and/or syphilis

antibody). Also, studies containing information on blood donor referral

rates due to infectious diseases were included. The number of

post-transfusion TTIs in transfused patients and positive screening

reactivity for non-specific infectious disease markers (e.g. alanine

aminotransferase) were not of interest.

Other selection criteria

No date restrictions were applied. Publications in any language were

included, provided that an English abstract was available.

Data sources and searches

Five databases were searched from the date of inception up to

27 March 2020: The Cochrane Library (both The Cochrane Database

of Systematic Reviews and The Cochrane Controlled Register of Con-

trolled Trials), MEDLINE (using the PubMed interface), Embase (using

the Embase.com interface), CINAHL and Web of Science. Search

strings comprising index terms and free-text words in title or abstract

were tailored to each specific database (Table S2). Furthermore, refer-

ence lists and the first 20 related citations in PubMed of the included

records were scanned for additional studies.

Study selection and data collection

A team of two reviewers (JL + DO/Luke Delfosse) independently

screened titles and abstracts and subsequently full texts guided by the

eligibility criteria, using EPPI-Reviewer Web [13] and EndNote [14].

Discrepancies were resolved by discussion, and, where necessary, a

third reviewer was consulted (EDB).

Data extraction was performed independently by two reviewers

(JL + DO). For each study, the following data were extracted: study

design, description of the population, intervention, comparison and

outcome(s) of interest. In case of insufficient or ambiguous data, study

authors were contacted if contact details were available.

Dichotomous outcome data were expressed as risk ratios (RRs)

with a 95% confidence interval (CI). If possible, effect measures were

calculated from raw data using Review Manager 5.4 [15].

Risk of bias and GRADE

For each individual study, the quality was appraised by two reviewers

independently (JL + DO). Risk of bias was assessed using the Grading

of Recommendations, Assessment, Development and Evaluation

(GRADE) key criteria for observational study limitations (‘Inappropri-
ate eligibility criteria’, ‘Inappropriate methods for exposure variables’,
‘Not controlled for confounding’, ‘Incomplete or adequate follow-up’,
‘Other limitations’) [16]. Discrepancies between both reviewers about

individual assessments were resolved through discussion.

Next, GRADE was used to assess the overall certainty of the body

of evidence for each outcome as ‘high’, ‘moderate’, ‘low’ or ‘very
low’. Observational studies receive an initial grade of ‘low’ and subse-

quently can be downgraded [based on the risk of bias, imprecision,

inconsistency, indirectness and publication (i.e. non-reporting) bias] or

upgraded (based on large effect, dose–response gradient and plausible

confounding) [17].

BLOOD DONATION RATES AND SAFETY AFTER DISASTERS 771
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Data synthesis

If at least two studies provided data on the same outcome within the

same treatment comparison, and we did not suspect large heteroge-

neity in outcome definitions and measurements, random effects

meta-analysis was performed using Review Manager 5.4 [15]. Hetero-

geneity was assessed through visual inspection of the forest plot and

by using the Χ 2-test and I2 statistic. To investigate whether TTI rates

varied with donor status (i.e. first-time or repeat donors), subgroup

analyses were performed. The threshold for statistical significance

was set at 5%.

In case a meta-analysis was not possible (i.e. data were reported

by only a single study) or warranted (i.e. heterogeneity in outcome

definitions was observed or suspected), outcome data were presented

in a single forest plot (without calculating a total effect size) as a visual

aid for result interpretation. Statistical synthesis of these results was

deemed inappropriate, and no statements about the consistency of

effects across studies or outcomes were made to avoid unintentional

vote counting [18].

RESULTS

Search results

Figure 1 shows the detailed PRISMA study selection flow diagram.

The primary searches yielded 5621 records. After removal of dupli-

cates, titles and abstracts of the remaining 3813 records were

screened. After full-text screening and resolving disagreements,

18 records reporting on 18 unique studies were included.

Study characteristics

A concise overview of the included studies is provided in Table 1.

Detailed information on their characteristics is listed in Table S3.

All the 18 included studies [8, 19–35] were observational in

nature. Seventeen were uncontrolled before–after studies, whereas

the 18th adopted a cross-sectional design [33]. Eleven studies were

conducted in Asia (Iran [19, 25, 26, 31], China [23, 27, 29],

Iraq/Afghanistan [33], Turkey [32], Taiwan [28] and Sri Lanka [8]). The

remaining seven were conducted in North America (United States [21,

22, 30, 34], Haiti [20]), South America (Chile [35]) or Africa

(Egypt [24]).

Of the 12 studies providing insight into the impact of natural

disasters, the vast majority (n = 10) reported on earthquakes hitting

Iran (2003 Bam earthquake [19, 26], the 2017 Kermanshah earth-

quake [25, 31]), China (2008 Sichuan earthquake [23, 29]), Haiti [20],

Turkey (1999 Marmara earthquake [32]), Chile (2010 earthquake [35])

and the United States (1989 San Francisco Bay earthquake [21]). The

other two studies provided data on the 2004 Indian Ocean earth-

quake and tsunami [8] and the 2017 typhoon cyclone number 8 warn-

ing in Hong Kong [27].

Six studies contained data on the effect of man-made or techno-

logical disasters, which included the 9/11 terrorist attacks [22, 34]

and the 2013 Boston Marathon bombing [30], the 2011 three-day

Egyptian Revolution [24], the 2014 Kaohsiung gas explosions in

Taiwan [28] and deployment to combat in Iraq or Afghanistan [33].

Risk of bias and certainty of evidence

The risk of bias in the individual studies is presented in Figure 2. The

majority of the studies (12/18) did not adequately control their find-

ings for confounding factors such as logistic issues (e.g. the collapse of

blood collection sites during earthquakes) and differences in popula-

tion demographics (e.g. more first-time and female donors after a

disaster). Four studies [21, 23, 29, 33] applied inappropriate eligibility

criteria (e.g. comparing a 10-day period after disaster to a 6-month

period before disaster), whereas 10 studies did not report sufficient

information (mainly on population demographics) to make an appro-

priate judgement. Follow-up was judged complete and adequate in all

but one study [35]. The methods used to measure exposure and out-

come variables did not raise any cause for concern in any of the

studies.

Based on the risk of bias assessment, the overall certainty of the

body of evidence was downgraded by one level for each outcome of

interest. For the outcome of proportion of first-time donors, the evi-

dence was further downgraded by one level because of inconsistency

due to high levels of unexplained heterogeneity. For the outcomes of

HCV, HIV-1/2 and HTLV-I/II reactivity, the evidence was downgraded

by one level because of imprecision due to the low number of events

and wide 95% CIs around the effect estimates. The outcome of

syphylis reactivity was downgraded by one level because of impreci-

sion (wide 95% CIs around the effect estimates and lack of data) and

by another level because of inconsistency. As a result, a very low cer-

tainty evidence level was assigned to all outcomes of interest, indicat-

ing that we are uncertain about these effect estimates.

Synthesis of results

Blood donation rates

Two studies provided effect estimates on the impact of disasters on

blood donation rates. In a first study, daily donations displayed a sta-

tistically significant increase of 72.6% after the 2008 Sichuan earth-

quake [29]. In a second study, the mean number of donation attempts

was significantly lower after the Boston Marathon bombing, com-

pared to before, but only in the group of donors who had never

received a transfusion themselves [30]. The other 14 studies with data

on blood donation rates after natural [8, 19–21, 23, 26, 27, 31,

32, 35] or man-made disasters [22, 24, 28, 34] reported only absolute

numbers of donations before and after the disaster. As the means and

standard deviations were not available and could not be calculated,

mean differences could not be estimated and statistical significance

772 LAERMANS ET AL.
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could not be judged. However, in all but three studies [8, 20, 27], the

absolute number of donations after the disaster greatly exceeded the

number before the disaster. The same was true for the study that pro-

vided data on plasma and platelet donation rates before and after the

2017 Kermanshah earthquake [25].

Owing to very high unexplained heterogeneity (further addressed

in Discussion), a meta-analysis on the data of the effect of disasters

on the proportion of first-time donors (i.e. the number of first-time

donors divided by the total number of first-time and repeat donors)

was not warranted. Therefore, the results are presented in Figure 3

and a narrative overview is provided in the paragraphs below.

A first study showed a statistically significantly higher proportion of

first-time donors during the 10 days after the 1989 San Francisco Bay

earthquake, compared to the 13-day period before the earthquake, both

in the immediately affected area of San Francisco Bay and the unaffected

area of Los Angeles/Orange Counties [21]. Two studies investigating the

impact of the 2008 Sichuan earthquakes revealed a statistically significant

increase in the proportion of first-time donors during the week after the

earthquake, compared to the corresponding week in the following year

[23], and in the proportion of daily donations made by first-time donors

during the 6-day period after the earthquake, compared to the other

52 weeks of the same year [29]. Similarly, Kasraian et al. showed a statis-

tically significantly higher proportion of first-time donors during the

3-day period following the 2003 Bam earthquake, compared to the

corresponding 3 days in the previous month [26]. In the same way, there

was a statistically significant increase in the proportion of first-time

donors during the 16-day period following the 2017 Kermanshah earth-

quake, compared to the corresponding period of the previous year [31].

In contrast, during the 4-day period following the 1999 Marmara

earthquake, the proportion of first-time donors was statistically signif-

icantly lower, compared to the corresponding 4-day period in the pre-

vious year [32]. According to Vásquez et al., there was no statistically

significant increase in the proportion of first-time donors during the

5 days after the 2010 Chile earthquake, compared to the 5 days

before the earthquake [35].

Following 9/11, there was a statistically significant increase in the

proportion of first-time donors during the first, second, third and

fourth week after the attacks, compared to the week prior to the

F I GU R E 1 PRISMA study selection flow diagram

BLOOD DONATION RATES AND SAFETY AFTER DISASTERS 773
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attacks [22]. Similarly, there was a statistically significantly higher pro-

portion of first-time donors during the 3-day Egyptian Revolution,

compared to the month before [24]. Finally, Lin et al. showed a statis-

tically significantly higher proportion of first-time donors during the

first week after the 2014 Kaohsiung gas explosions, compared to the

corresponding week in the previous year [28].

Blood safety outcomes

There is limited evidence showing a lack of association between the

occurrence of a disaster and overall infectious disease marker reactiv-

ity. A meta-analysis combining data from four studies showed that

disaster occurrence was not associated with a statistically significant

T AB L E 1 Concise overview of the included studies

Author, year, country Disaster Outcome measure(s)

Observational before–after studies

Abolghasemi, 2008, Iran [19] 2003 Bam earthquake Daily average # donations

Björk, 2017, USA [20] 2010 Haiti earthquake # whole-blood units collected

Busch, 1991, USA [21] 1989 San Francisco Bay earthquake # donations collected

Proportion of FTD

HBsAg reactivity

Glynn, 2003, USA [22] 9/11 2001 terrorist attacks # donations collected

Proportion of FTD

Weekly infectious disease marker

prevalence (anti-HIV, anti-HCV, HBsAg)

Weekly anti-HCV prevalence

Guo, 2012, USA [23] 2008 Sichuan earthquake # donations collected

Proportion of FTD

HBsAg reactivity

Hussein, 2012, Egypt [24] Egyptian Revolution Daily average # donations

Proportion of FTD

Jalali Far, 2018, Iran [25] 2017 Kermanshah earthquake # plasma and platelet donations collected

Kasraian, 2010, Iran [26] 2003 Bam earthquake # donations collected

Proportion of FTD

HBsAg reactivity

Kuruppu, 2010, Sri Lanka [8] 2004 tsunami # donations collected

Leung, 2019, China [27] 2017 typhoon cyclone No. 8 warning Blood donor attendance

Lin, 2015, Taiwan [28] 2014 Kaohsiung gas explosions # donations collected

Proportion of FTD

Liu, 2010, USA [29] 2008 Sichuan earthquake Increase in daily donations

Proportion of daily donations made by FTD

Overall infectious disease marker reactivity

(HBsAg, anti-HCV, anti-HIV-1/2,

syphilis antibodies)

Rios, 2014, USA [30] 2013 Boston Marathon bombing # donation attempts

Salah, 2018, Iran [31] 2017 Kermanshah earthquake # donations collected

Proportion of FTD

Confirmed TTI seropositivity

Sönmezoglu, 2005, Turkey [32] 1999 Marmara earthquake # donations collected

Proportion of FTD

HBsAg reactivity

Tran, 2010, USA [34] 9/11 2001 terrorist attacks # donations collected

Infectious disease deferral rates

Vásquez, 2011, Chile [35] 2010 Chile earthquake # donations collected

Proportion FTD

Observational cross-sectional studies

Spinella, 2007, USA [33] Deployment to combat in Iraq/Afghanistan HBsAg reactivity

Anti-HCV reactivity

Anti-HIV reactivity

Anti-HTLV-I/II reactivity

Note: ‘#’ indicates ‘number of’.
Abbreviation: FTD, first-time donors; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HTLV-I/II, human T-

lymphotropic virus I and II.
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increase in overall infectious disease marker reactivity (Figure S1)

[23, 31, 32, 34]. In an additional study, the authors failed to report

the number of blood donations investigated and reported only the

prevalence rates of overall infectious disease marker reactivity

(i.e. HBsAg, HCV, HIV-1/2 and syphilis) before and after the 2008

Sichuan earthquake [29]. Because of its lack of raw data, this study,

in which a statistically significant increase in reactivity could not be

demonstrated, was not included in the meta-analysis. Similarly, a

study reporting the weekly infectious disease marker prevalence

rates (i.e. HBsAg, HCV, HIV) could not demonstrate a statistically

significant increase after 9/11 [22].

In the following paragraphs, the findings for the individual TTIs

(HBV, HCV, HIV-1/2, HTLV-I/II and syphilis) are presented.

HBV. In a meta-analysis summarizing results of six studies, a sta-

tistically significant increase of HBsAg reactivity in case of a

disaster could not be demonstrated (Figure 4a) [21, 23, 24, 26, 32,

33]. Similarly, in the 2008 Sichuan earthquake study, which was

not included in the meta-analysis, a statistically significant

increase of HBsAg reactivity could not be demonstrated [29].

Similarly, another study could not detect that the 1989 San Fran-

cisco Bay earthquake was associated with a statistically signifi-

cant increase of anti-HBc reactivity in the unaffected area of Los

Angeles/Orange Counties, although it did demonstrate a statisti-

cally significant increase in the immediately affected area of San

Francisco Bay [21].

HCV. In a meta-analysis of five studies, a statistically significant

increase of anti-HCV reactivity in case of a disaster could not be dem-

onstrated (Figure 4b) [23, 24, 26, 32, 33]. In an additional study, which

reported only the prevalence rates (therefore not included in the

meta-analysis), a statistically significant increase of anti-HCV reactiv-

ity after the 2008 Sichuan earthquake could not be demonstrated

[29]. Similarly, a study reporting weekly infectious disease marker

prevalence rates could not demonstrate a statistically significant

increase in anti-HCV reactivity after 9/11 [22].

HIV-1/2. In a meta-analysis combining data from six studies, a statisti-

cally significant increase of anti-HIV-1/2 reactivity in case of a disas-

ter could not be demonstrated (Figure 4c) [21, 23, 24, 26, 32, 33]. In

the 2008 Sichuan earthquake study, which reported only the preva-

lence rates (therefore not included in the meta-analysis), a statistically

significant increase of anti-HIV-1/2 reactivity could not be demon-

strated [29].

HTLV-I/II and syphilis. In a meta-analysis summarizing results of two

studies, a statistically significant increase of anti-HTLV-I/II reactivity

in case of a man-made disaster could not be demonstrated (Figure S2)

[21, 33].

Similarly, in a meta-analysis of four studies, a statistically significant

increase of RPR or anti-syphilis reactivity in case of a disaster could

not be demonstrated (Figure 4d) [21, 23, 24, 32]. In an additional

study, which reported only the prevalence rates (therefore not

included in the meta-analysis), a statistically significant increase of

anti-syphilis reactivity after the 2008 Sichuan earthquake could not

be demonstrated [29].

To investigate whether TTI reactivity rates varied with donor sta-

tus, three subgroups were created: (1) first-time donors only, (2) repeat

donors only and (3) mixed donor status (first-time + repeat). None of

the performed subgroup analyses revealed between-subgroup hetero-

geneity, indicating that TTI reactivity rates in first-time donors and

repeat donors are not differentially impacted by the occurrence of a

disaster.

F I GU R E 2 Risk of bias in the individual studies. Review authors’
judgements about each risk of bias item for each included study.
Low risk of bias. Unclear risk of bias. High risk of bias
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DISCUSSION

This systematic review is the first to collect and synthetize the best

available evidence on the impact of disasters on blood donation rates

and blood safety outcomes, provided by 18 observational studies.

Unfortunately, the available evidence did not enable us to form gener-

alizable conclusions on the impact of disasters on blood donation

rates. As for blood safety, meta-analyses could not detect any statisti-

cally significant changes in TTI rates (HBV, HCV, HIV-1/2, HTLV-I/II

and syphilis) in donated blood after a disaster, either in first-time or

F I GU R E 3 Forest plot on the proportion of first-time donors before and after disasters. The proportion of first-time donors presenting
themselves to a blood bank in the aftermath of a disaster, compared to prior to the disaster. Events, number of first-time donors; Total, total
number of donors

F I GU R E 4 Meta-analyses on transfusion-transmissible infection marker reactivity rates before and after disasters. Meta-analysis on (a) HBV,
(b) HCV, (c) HIV-1/2 and (d) syphilis marker reactivity rates in donated blood in the aftermath of a disaster, compared to prior to the disaster
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repeat donors, although the evidence is very uncertain (all very low

certainty evidence).

Altruism had been identified by previous systematic reviews as an

important motivator for blood donation [36–38]. Therefore, it is not

surprising that in the vast majority of the included studies, disasters

were accompanied by an increase in the number of people willing to

donate blood. The contrasting decreases observed in four studies

might be explained by the destructive effects of the 2010 Haiti earth-

quake [20] and the 2004 Indian Ocean earthquake and tsunami [8] on

the blood collection centres, by the suspension of the Hong Kong

blood transfusion services while the typhoon cyclone No. 8 warning

was in effect [27], and by the fact that the studied group of donors

was confined to repeat donors who had never received a blood trans-

fusion themselves [30]. As multiple studies indicated that the number

of donations collected largely surpassed the direct needs following

the disaster [6, 19, 22, 24, 29, 32, 39], blood collection services should

first assess the need for blood and determine the ability to meet the

demand before appealing to the community and mobilizing additional

personnel. Discarding unused expired blood units is not only costly

for the blood collection services but also creates a negative public

image [40], and may lead to a temporary donor shortage later on

because of the deferral period after a previous donation. In addition,

asking donors to leave and make an appointment later that week [24]

can have a negative impact on the willingness to become a regular

donor, as donors feel they have been denied the opportunity to help

victims.

To investigate whether a disaster coincided with a higher influx

of first-time donors, data on the proportion of first-time donors

were evaluated. Owing to considerable variation in results and

inconsistency in the direction of effect among the different studies,

no meta-analysis could be performed. In exploring the causes of

this heterogeneity, we considered multiple variables, including the

disaster type (natural vs man-made), whether an active call for

blood donation was made or not, the blood donation system

applied in the corresponding country (voluntary non-remunerated

vs remunerated vs family/replacement donation), study setting

(high- vs low- and middle-income countries) and risk of bias (high

vs low/unclear). None of these variables could be identified as the

(suspected) cause of this variation. Possibly, differences in a num-

ber of variables that are nearly impossible to measure objectively

and accurately, such as the impact level of a certain disaster on

society, lie at the root of this variation.

Our review was able to synthetize the available evidence on the

influence of disasters on blood safety outcomes. Our meta-analyses

could not detect any statistically significant changes in TTI rates (HBV,

HCV, HIV-1/2, HTLV-I/II and syphilis) in donated blood after a disas-

ter, either in first-time nor repeat donors. However, caution is

warranted, as the results remain uncertain. This does not mean that

measures taken to ensure blood safety [e.g. identification of risk

behaviour in (candidate) blood donors and performing laboratory test-

ing of all donated blood] should no longer be respected in disaster set-

tings. Stringent measures should always stay in place to maintain the

safe collection and administration of blood (components), unless abso-

lutely necessary to meet immediate needs [9]. Moreover, especially in

low-income and lower middle-income countries, where only 80.3%

and 82% of donations are screened following basic quality procedures

[41], national blood policies and legislative frameworks covering blood

(component) safety should be implemented.

The current systematic review has several strengths. By searching

five relevant databases and adopting comprehensive selection criteria,

the review has captured outcome data on blood donation rates and

blood safety, both in the absence and presence of disasters.

Nevertheless, this review also has some important limitations.

Firstly, we did not consult grey literature, such as research reports and

data compilations. As publishing is often not the primary activity of

blood services, additional relevant data might not have been captured.

Secondly, owing to the observational character of the included stud-

ies, the evidence received an initial low certainty level by default.

Thirdly, thanks to the stringent blood safety measures applied by the

blood services, TTI seroprevalence rates in blood donors are low,

thereby hindering the precision of the results for these outcomes,

which is reflected in wide confidence intervals and consequently more

uncertainty about the findings. Fourthly, because of substantial risk of

bias in study design and execution, the overall certainty of the evi-

dence was judged to be very low. In addition, publication bias could

not be formally tested, as the meta-analyses performed involved only

a limited number of studies. Therefore, the results of these analyses

should be interpreted with caution.

In order to reach higher certainty evidence, further transparent

and active reporting on the impact of disasters on blood supply and

safety is warranted. At the moment, blood collection services seem to

lack the reflex of publishing these readily available data in peer-

reviewed publications or share these in publicly available reports or

data repositories. In addition, the current studies have failed to

provide clear and quantitative information on whether they looked at

voluntary non-remunerated, family/replacement or remunerated

donations (or a combination thereof). As many low-income and lower

middle-income countries still heavily rely on family/replacement dona-

tions, or even on remunerated donations, which have been reported

to be less safe than voluntary donations [3], it would be helpful to

gather further evidence on the potentially differential impact of disas-

ter occurrence across different donation systems.

On another note, in light of the global COVID-19 pandemic,

future systematic review teams may wish to consider collecting evi-

dence on the impact of (viral or other) outbreaks on blood supply and

safety. This evidence may provide useful information to blood ser-

vices and national health authorities on how to develop, implement

and activate emergency response plans in dealing with future pan-

demic outbreaks.

In conclusion, the evidence synthetized in this systematic review

indicates that it is very uncertain whether the occurrence of a disaster

is associated with statistically significant changed rates of TTIs in

donated blood. Conclusions on the impact of disasters on blood dona-

tion rates could not be made.

BLOOD DONATION RATES AND SAFETY AFTER DISASTERS 777

 14230410, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13255 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ACKNOWLEDGEMENTS

This work was made possible through funding from the Foundation

for Scientific Research of the Belgian Red Cross. The authors thank

Luke Delfosse for his contribution to the study selection during his

Master’s thesis to obtain his Master in Medicine degree.

J.L. performed the investigation, formal analysis, writing—original

draft and visualization. D.O. performed the investigation, formal analysis,

writing—original draft, visualization. E.V.dB. performed the validation,

writing—review and editing. E.D.B. performed the conceptualization,

writing—review and editing, supervision. V.C. performed the conceptuali-

zation, writing—review and editing. E.S. performed the conceptualization,

writing—review and editing. P.V. performed the conceptualization,

resources, writing—review and editing, supervision.

CONFLICT OF INTEREST

J.L., D.O., E.V.d.B., E.D.B., V.C. and P.V. are employees of Belgian Red

Cross-Flanders, which is responsible for supplying adequate quantities

of safe blood (components) to hospitals in Flanders and Brussels on a

continuous basis and is being paid for this activity by the Ministry of

Social Affairs. E.S. has no conflict of interest.

ORCID

Jorien Laermans https://orcid.org/0000-0002-6695-6019

Emmy De Buck https://orcid.org/0000-0003-4498-9781

REFERENCES

1. World Health Organization. WHO model lists of essential medicines.

[cited 2021 Aug 24]. Available from: https://www.who.int/groups/

expert-committee-on-selection-and-use-of-essential-medicines/

essential-medicines-lists

2. World Health Organization. Blood donor selection: guidelines on

assessing donor suitability for blood donation. Geneva: WHO;

2012.

3. World Health Organization, International Federation of Red Cross

Red Crescent Societies. Towards 100% voluntary blood donation: a

global framework for action. Geneva: WHO; 2010.

4. United Nations Office for Disaster Risk Reduction. Disaster. [cited

2021 Apr 19]. Available from: https://www.undrr.org/terminology/

disaster

5. Birnbaum ML, Daily EK, O’Rourke AP, Loretti A. Research and evalu-

ations of the health aspects of disasters, part I: an overview. Prehosp

Disaster Med. 2015;30:512–22.
6. Schmidt PJ. Blood and disaster—supply and demand. N Engl J Med.

2002;346:617–20.
7. The role of laboratories and blood banks in disaster situations. Wash-

ington, DC: Pan American Health Organization; 2001.

8. Kuruppu KK. Management of blood system in disasters. Biologicals.

2010;38:87–90.
9. GAP. Development of safe and sustainable national blood

programmes manual. Perth, WA, Australia: Global Advisory Panel

(GAP) on Corporate Governance and Risk Management of Blood Ser-

vices in Red Cross and Red Crescent Societies; 2014.

10. CEBaP. Development of evidence-based guidelines and systematic

reviews: methodological charter. [cited 2021 Jan 20]. Available from:

https://www.cebap.org/storage/cebap/inf-methodology-charter-

cebap.pdf

11. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Pre-

ferred reporting items for systematic reviews and meta-analyses: the

PRISMA statement. PLoS Med. 2009;6:e1000097.

12. International Federation of Red Cross Red Crescent Societies. Types

of disasters: definition of hazard. [cited 2021 Jan 20]. Available from:

https://www.ifrc.org/en/what-we-do/disaster-management/about-

disasters/definition-of-hazard/

13. Thomas JBJ, Graziosi S. EPPI-reviewer 4: software for research syn-

thesis. EPPI-Centre Software. London: Social Science Research Unit,

UCL Institute of Education; 2010.

14. The Endnote Team. EndNote. Philadelphia: Clarivate; 2013.

15. Review manager (RevMan) [computer program]. Version 5.4. The

Cochrane Collaboration, 2020.

16. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P,

et al. GRADE guidelines: 4. Rating the quality of evidence--study lim-

itations (risk of bias). J Clin Epidemiol. 2011;64:407–15.
17. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al.

Grading quality of evidence and strength of recommendations. BMJ.

2004;328:1490.

18. McKenzie J, Brennan S. Synthesizing and presenting findings using

other methods [cited 2021 Jan 20]. In: Higgins JPT, Thomas J,

Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane

handbook for systematic reviews of interventions version 6,0. Chich-

ester, UK: Cochrane; 2019. Available from: www.training.cochrane.

org/handbook

19. Abolghasemi H, Radfar MH, Tabatabaee M, Hosseini-Divkolayee NS,

Burkle FM Jr. Revisiting blood transfusion preparedness: experience

from the Bam earthquake response. Prehosp Disaster Med. 2008;23:

391–4.
20. Bjork A, Jean Baptiste AE, Noel E, Jean Charles NPD, Polo E,

Pitman JP. Geographic distribution of blood collections in Haiti

before and after the 2010 earthquake. ISBT Sci Ser. 2017;12:291–6.
21. Busch MP, Guiltinan A, Skettino S, Cordell R, Zeger G, Kleinman S.

Safety of blood donations following a natural disaster. Transfusion.

1991;31:719–23.
22. Glynn SA, Busch MP, Schreiber GB, Murphy EL, Wright DJ, Tu Y,

et al. Effect of a national disaster on blood supply and safety: the

September 11 experience. JAMA. 2003;289:2246–53.
23. Guo N, Wang J, Ness P, Yao F, Bi X, Li J, et al. First-time donors

responding to a national disaster may be an untapped resource for

the blood centre. Vox Sang. 2012;102:338–44.
24. Hussein E, Teruya J. Evaluation of blood supply operation and infec-

tious disease markers in blood donors during the Egyptian revolution.

Transfusion. 2012;52:2321–8.
25. Jalali Far M, Salah A, Shirmohammadi Esfeh M, Khossravi A,

Mavali M, Ehtiati M. Blood donation profile in Kermansah earth-

quake valuable experience for learning to donor recruitment in fixed

and mobile collection centers (P-067). Vox Sang. 2018;113(S1):105.

26. Kasraian L. National disasters in Iran and blood donation: Bam earth-

quake experience. Iran Red Crescent Med J. 2010;12:316–8.

27. Leung K, Lee CK, Lau EHY, Lau CW, Wu JT. Assessing the impact of

respiratory infections and weather conditions on donor attendance

and blood inventory in Hong Kong. Vox Sang. 2019;114:137–44.
28. Lin KTYC, Tseng SB, Hung CM. Data analysis of blood donors post

2014 Kaohsiung gas explosions (P-046). Vox Sang. 2015;109:39.

29. Liu J, Huang Y, Wang J, Bi X, Li J, Lu Y, et al. Impact of the May

12, 2008, earthquake on blood donations across five Chinese blood

centers. Transfusion. 2010;50:1972–9.

30. Rios J, Crumpton A, Khandaker M. Does being or knowing a blood

transfusion recipient influence the frequency of blood donation

attempts before and after a local act of terrorism? (SP126). Transfu-

sion. 2014;54(S2):106A.

31. Salah A, Jalalifar M, Khosravi A, Shirmohammadi Esfeh M, Negravi S.

How earthquake can affect blood donation; Kermanshah experience

disaster management (P-056). Vox Sang. 2018;113:101.

32. Sonmezoglu M, Kocak N, Oncul O, Ozbayburtlu S, Hepgul Z,

Kosan E, et al. Effects of a major earthquake on blood donor types

and infectious diseases marker rates. Transfus Med. 2005;15:93–7.

778 LAERMANS ET AL.

 14230410, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13255 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-6695-6019
https://orcid.org/0000-0002-6695-6019
https://orcid.org/0000-0003-4498-9781
https://orcid.org/0000-0003-4498-9781
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.undrr.org/terminology/disaster
https://www.undrr.org/terminology/disaster
https://www.cebap.org/storage/cebap/inf-methodology-charter-cebap.pdf
https://www.cebap.org/storage/cebap/inf-methodology-charter-cebap.pdf
https://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/
https://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook


33. Spinella PC, Perkins JG, Grathwohl KW, Repine T, Beekley AC,

Sebesta J, et al. Risks associated with fresh whole blood and red

blood cell transfusions in a combat support hospital. Crit Care Med.

2007;35:2576–81.
34. Tran S, Lewalski EA, Dwyre DM, Hagar Y, Beckett L, Janatpour KA,

et al. Does donating blood for the first time during a national emer-

gency create a better commitment to donating again? Vox Sang.

2010;98:e219–24.
35. Vasquez M, Maldonado M, Tagle F, Leon S, Soto A, Mena A, et al.

Blood supply during disasters: the experience of Chile in 2010. Rev

Panam Salud Publica. 2011;29:365–70.
36. Carver A, Chell K, Davison TE, Masser BM. What motivates men to

donate blood? A systematic review of the evidence. Vox Sang. 2018;

113:205–19.
37. Irving AH, Harris A, Petrie D, Mortimer D, Ghijben P, Higgins A, et al.

A systematic review and network meta-analysis of incentive- and

non-incentive-based interventions for increasing blood donations.

Vox Sang. 2020;115:275–87.
38. Piersma TW, Bekkers R, Klinkenberg EF, De Kort W, Merz EM. Indi-

vidual, contextual and network characteristics of blood donors and

non-donors: a systematic review of recent literature. Blood Transfus.

2017;15:382–97.

39. Hess JR, Thomas MJ. Blood use in war and disaster: lessons from the

past century. Transfusion. 2003;43:1622–33.
40. Heinrich J, USGA Office. Public health: maintaining an adequate

blood supply is key to emergency preparedness: U.S. General

Accounting Office; 2002.

41. World Health Organization. Blood safety and availability. [cited 2021

Aug 24]. Available from: https://www.who.int/news-room/fact-

sheets/detail/blood-safety-and-availability.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Laermans J, O D, Van den Bosch E,

De Buck E, Compernolle V, Shinar E, et al. Impact of disasters

on blood donation rates and blood safety: A systematic review

and meta-analysis. Vox Sang. 2022;117:769–79.

BLOOD DONATION RATES AND SAFETY AFTER DISASTERS 779

 14230410, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vox.13255 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.who.int/news-room/fact-sheets/detail/blood-safety-and-availability
https://www.who.int/news-room/fact-sheets/detail/blood-safety-and-availability

	Impact of disasters on blood donation rates and blood safety: A systematic review and meta-analysis
	INTRODUCTION
	MATERIALS AND METHODS
	Eligibility criteria
	Study design and publication type
	Population
	Intervention
	Comparison
	Outcome
	Other selection criteria

	Data sources and searches
	Study selection and data collection
	Risk of bias and GRADE
	Data synthesis

	RESULTS
	Search results
	Study characteristics
	Risk of bias and certainty of evidence
	Synthesis of results
	Blood donation rates
	Blood safety outcomes


	DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES


