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Purpose. Trends in shortages of vaccines and immune globulin products 
from 2001 through 2015 in the United States are described.

Methods. Drug shortage data from January 2001 through December 
2015 were obtained from the University of Utah Drug Information Service. 
Shortage data for vaccines and immune globulins were analyzed, focus-
ing on the type of product, reason for shortage, shortage duration, short-
ages requiring vaccine deferral, and whether the drug was a single-source 
product. Inclusion of the product into the pediatric vaccination schedule 
was also noted. 

Results. Of the 2,080 reported drug shortages, 59 (2.8%) were for vac-
cines and immune globulin products. Of those, 2 shortages (3%) remained 
active at the end of the study period. The median shortage duration was 
16.8 months. The most common products on shortage were viral vac-
cines (58%), especially hepatitis A, hepatitis B, rabies, and varicella vac-
cines (4 shortages each). A vaccine deferral was required for 21 shortages 
(36%), and single-source products were on shortage 30 times (51%). The 
most common reason for shortage was manufacturing problems (51%), 
followed by supply-and-demand issues (7%). Thirty shortages (51%) were 
for products on the pediatric schedule, with a median duration of 21.7 
months. 

Conclusion. Drug shortages of vaccines and immune globulin prod-
ucts accounted for only 2.8% of reported drug shortages within a 15-
year period, but about half of these shortages involved products on the 
pediatric vaccination schedule, which may have significant public health 
implications.
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Prescription drug shortages, defined 
by the Food and Drug Administra-

tion (FDA) as “a period of time when 
the demand or projected demand for 
the drug within the United States ex-
ceeds the supply of the drug,” have 
become increasingly prevalent over 
the past 2 decades.1,2 Manufacturing 
and quality-control problems, as well 
as economic factors, have resulted 
in frequent supply disruptions.2 Pre-
scription drug shortages have affected 
multiple specialties, including oncol-
ogy, emergency medicine, and infec-

tious diseases.3-5 Data have also re-
vealed that sterile injectable products 
are more commonly in short supply 
compared with products for oral or 
topical administration.2-5

Millions of vaccinations are ad-
ministered each year for infection 
prevention and control.6 Vaccine 
shortages can have significant pub-
lic health and clinical implications, 
as they may result in individuals not 
being fully vaccinated according to 
the recommended schedule, thereby 
compromising herd immunity and 
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creating the potential for epidemic 
outbreaks of communicable diseases. 
Vaccine shortages may affect not only 
the health of adult patients seeking 
secondary vaccinations but that of 
vulnerable infants and children who 
are in need of primary vaccinations, 
with a potential significant effect 
on communicable disease morbid-
ity and mortality due to reduced herd 
immunity. 

In the case of a vaccine shortage, 
the Centers for Disease Control and 
Prevention (CDC) may recommend 
to postpone or omit a dose of a rec-
ommended booster vaccination in 
order to allow unvaccinated children 
to receive a first dose of the vaccine 
in short supply.6 Data describing how 
drug shortages have affected vaccine 
and immune globulin availability are 
limited. Previous reports have focused 
on the availability of Haemophilus 
influenzae type b (Hib), pneumococ-
cal, and influenza vaccines.7-11 We as-
sessed the shortages of vaccines and 
immune globulins in the United States 
from 2001 through 2015.

Methods

The University of Utah Drug In-
formation Service (UUDIS) has been 
collecting national drug shortage data 
since January 2001 and publishes criti-
cal drug shortage information on a pub-
lic website (www.ashp.org/shortage) 
hosted by the American Society of 
Health-System Pharmacists (ASHP). 
UUDIS defines a shortage as “a supply 
issue that affects how the pharmacy 
prepares or dispenses a drug product or 
influences patient care when prescrib-
ers must use an alternative agent”.12 
This definition differs slightly from, but 
is more inclusive than, FDA’s definition 
of a shortage. For example, a shortage 
of prefilled syringes of a specific prod-
uct may cause significant logistic and 
safety issues, even if the same medica-
tion is available in vials. 

The Government Accountability 
Office (GAO) considers UUDIS data to 
be the most comprehensive and reli-
able source of drug shortage informa-
tion and has used UUDIS data for 4 re-

KEY POINTS
•	 From 2001 through 2015, half of 

the vaccine shortages affected 
the pediatric vaccine schedule.

•	 Nearly 90% of vaccines had 
multiple shortages during the 
study period.

•	 The mitigation of vaccine short-
ages is crucial for public health, 
especially shortages of prod-
ucts on the pediatric vaccina-
tion schedule. 

ports published on drug shortages.2,13 
Detailed methods describing UUDIS 
have been previously published.14 
Briefly, UUDIS receives voluntary 
reports of drug and vaccine short-
ages via the reporting feature on the 
ASHP website. Clinical pharmacists 
at UUDIS research each shortage re-
ported to verify that the shortage ac-
tually exists. This research includes 
determining all potential manufac-
turers of a reported drug or vaccine 
in shortage and all drug presentation 
National Drug Codes (NDCs). Next, 
each manufacturer is contacted to de-
termine which NDCs are in shortage 
at the national level. The manufac-
turers are also asked for a reason for 
the shortage as well as an estimated 
release date. If most manufacturers 
are having a national shortage, then 
UUDIS will post information on the 
ASHP drug shortage website noting 
which products are affected, which 
products are available, specific meth-
ods for accessing the product, reasons 
for the shortage, estimated resupply 
dates, and, if applicable, implications 
for patient care, safety concerns, al-
ternatives, and management strate-
gies. UUDIS considers a shortage to 
be resolved when all suppliers have all 
presentations available or have dis-
continued their products. UUDIS also 
follows FDA’s drug shortage website 
and will generally list shortages as re-

solved when FDA considers the short-
ages resolved.

UUDIS collects the following drug 
shortage data using Excel (Microsoft 
Corp., Redmond, WA): generic prod-
uct name, therapeutic category, date 
shortage began (date UUDIS was no-
tified), date shortage was resolved, 
duration of shortage, reason for the 
shortage, controlled substance sched-
ule (if applicable), and whether the 
drug is an injectable product. Drug 
shortages that occur due to a product 
discontinuation or withdrawal from 
the market have the same start and 
stop dates for a duration of 0 days. 

The data set was restricted to short-
ages that occurred between January 
1, 2001, and December 31, 2015, and 
was analyzed in 2016. Members of 
the study team identified shortages 
that affected vaccines and immune 
globulins. All discrepancies were dis-
cussed until a consensus was reached. 
Shortage data were analyzed, focusing 
on the type of product, reason for the 
shortage, shortage duration, short-
ages requiring vaccine deferral, and 
whether the drug was a single-source 
product (produced by 1 manufactur-
er). Inclusion of the product into the 
pediatric vaccination schedule was 
also noted. The availability of a substi-
tute therapy and whether the alterna-
tive was also affected by a shortage at 
any time during the study period, as 
well as multiple shortages (those that 
were resolved but then another short-
age occurred) of the same vaccine 
were also noted. For some portions of 
the analysis, products were grouped 
together based on vaccine category, 
such as bacterial vaccines, viral vac-
cines, combination products, immune 
globulins, or toxoids. Shortage length 
was analyzed using Hodges-Lehmann 
median differences and the Kruskal–
Wallis test for comparisons of more 
than 2 groups. Negative binomial re-
gression was used to determine if the 
trend in new shortages observed each 
year was significant over the study pe-
riod. Discontinued products were not 
included in analyses of shortage dura-
tion (n = 3). Data were analyzed using 

http://www.ashp.org/shortage
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Stata, version 14.0 (Stat Corp., College 
Station, TX). These data do not meet 
the definition of human subjects’ re-
search and therefore were exempt 
from institutional review board review. 

Results

Number and duration of short-
ages. A total of 2,080 drug shortages 
were reported from January 2001 
through December 2015, 59 (2.8%) of 
which involved vaccines or immune 
globulins. The number of products on 
shortage decreased from 11 in 2001 
to 2 in 2015 (p = 0.08) (Figure 1). The 
median shortage duration was 16.8 
months (interquartile range [IQR], 
5.8–27.3 months). The median num-
ber of new shortages reported annu-
ally was 3 (IQR, 2–5). By the end of the 
study period, 2 products remained on 
active shortage (meningococcal vac-
cine for 230 days; yellow fever vaccine 
for 119 days). The median duration 
for the 57 resolved shortages was 18.3 
months (IQR, 6.1–27.4 months). Fifty-
three vaccines or immune globulins 
(90%) were the subject of multiple 
shortages during the study period. 
Rabies immune globulin had the lon-
gest shortage duration for any vaccine 
or immune globulin (2,717 days, from 
August 16, 2007, to January 23, 2015). 

Thirty shortages (51%) involved 
vaccines on the pediatric schedule, 
with a median shortage duration of 
21.7 months (IQR, 8.0–28.1 months). 
A vaccine deferral was required for 21 
shortages (36%), and single-source 
products were on shortage 30 times. 
Single-source products were involved 
in 51% of shortages, with a median 
shortage duration of 19.8 months 
(IQR, 11.1–26.7 months). Shortage 
durations did not differ significantly 
among the product types examined. 

Types of products involved in 
shortages. Of the 59 vaccine short-
ages during the study period, 34 (58%) 
involved viral vaccines, 18 (31%) in-
volved bacterial vaccines, and 7 (12%) 
involved toxoids. Combination prod-
ucts accounted for 9 (15%) of report-
ed shortages. Eight (14%) products 
affected by shortages were immune 

globulins (Table 1). Of all shortages, 
combination products had the long
est median shortage duration (25.7 
months; IQR, 16.3–36.8 months); how-
ever, this duration was not significant-
ly different than that for other types of 
products (p = 0.202). The most com-
mon products with multiple shortages 
were viral vaccines, particularly hepa-
titis A, hepatitis B, rabies, and vari-
cella vaccines, with 4 shortages each 
(Table 2). 

Reasons for shortages. The 
most commonly reported reason for 
a shortage was manufacturing prob-
lems (51%), followed by supply-and-
demand issues (7%) (Table 3). A reason 
was not provided for 18 cases (31%) 
of vaccine shortages. Shortage dura-
tion differed significantly depending 
on the reason given for the shortage 
(p = 0.004, Kruskal–Wallis test). The 
longest durations were for products 
on shortage due to manufacturing 
problems (median, 22.8 months; IQR, 
16.8–31.1 months).

Discussion

Although the number of vac-
cine and immune globulin shortages 
(59 [2.9%]) was low compared with the 

total number of drug shortages (2,080) 
during the study period, shortages of 
these products can have far-reaching 
implications. Thirty (51%) of these 
shortages affected the pediatric vac-
cine schedule, and it is unknown how 
many children did not receive their 
full vaccination series due to these 
shortages. The National Immuniza-
tion Survey reported that the vaccina-
tion coverage for diphtheria, tetanus, 
and acellular pertussis (DTaP) or mea-
sles, mumps, and rubella (MMR) was 
not affected by these shortages at a na-
tional level.15,16 It is unknown whether 
vaccination rates for vaccines not on 
shortage remained stable, as any de-
crease in these rates would imply that 
the shortages had a causal role. 

Nearly 90% of vaccines had mul-
tiple shortages during the study pe-
riod, including important childhood 
vaccines such as varicella and hepati-
tis B (Table 2). Recurrent shortages of 
the same products suggest systematic 
errors in the manufacturing process. 
Vaccines and immune globulin prod-
ucts have more complex manufactur-
ing requirements than do simple mol-
ecules and oral products. Problems 
with manufacturing these products 

Figure 1. Total number of vaccine and immune globulin products in short sup-
ply from 2001 through 2015. 
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accounted for 51% of the reported 
shortages (Table 3). Shortages of vac-
cines and immune globulin products 
usually take longer to resolve, and in 
many cases the actual manufacturing 
time of these products can take sev-
eral months. This means that short-
ages of these products will be lengthy. 
The mean duration of shortage was 
well over 1 year (median duration 
of resolved shortages, 18.3 months), 
with the longest shortage durations 
of over 2 years for combination prod-
ucts (median, 25.7 months), including 
shortages for vaccines on the pediatric 
schedule, and almost 2 years for tox-
oids (median, 23.3 months) (Table 1). 
The advantage of combination vac-
cines is that they reduce the number 
of injections a child needs to in order 
to be fully immunized against several 
diseases. If individual vaccines are 
used due to a shortage of combination 
vaccines, the number of injections 
required for a child would increase, 
which might lead to objections against 
vaccinations in general.

Single-source products. Prod-
ucts manufactured by a single com-
pany or facility are at higher risk of a 
drug shortage, because any disrup-
tion in the manufacturing process 
typically results in a shortage.17 GAO’s 
latest report on drug shortages also 
notes that products with few suppli-

Table 1. Types of Vaccine Products Affected by Drug Shortagesa

Product Typeb
No. (%) 

Shortages
Median Shortage 

Duration in Months (IQR)

Median (95% CI) 
Difference vs. Other 

Product Types, in Months

All products 59 (100) 16.8 (5.8–27.3) …

Bacterial vaccines 18 (31) 22.6 (11.1–27.4) 5.7 (–2.5 to 16.2)

Combination products 9 (15) 25.7 (16.3–36.8) 9.0 (–3.9 to 20.2)

Immune globulins 8 (14) 5.1 (3.7–13.9) –6.8 (–17.6 to 0.0)

Toxoids 7 (12) 23.3 (4.1–36.8) 2.2 (–18.2 to 21.5)

Viral vaccines 34 (58) 16.6 (6.1–27.8) –0.7 (–10.5 to 5.7)

Products on pediatric schedule 30 (51) 21.7 (8.0–28.1) 5.0 (–0.7 to 14.1)

Vaccine with deferral required during shortage 21 (36) 22.3 (11.1–27.4) 5.6 (–2.2 to 13.7)

Single-source products 30 (51) 19.8 (11.1–26.7) 3.5 (–3.5 to 11.9)
 aIQR = interquartile range, CI = confidence interval.
 bSome products may fit into more than 1 category.

ers are at greater risk of a drug short-
age.18 In this analysis, 51% of products 
on shortage were produced by a single 
manufacturer, and 5 products (8%) 
were affected by; at least 3 recurrent 
shortages (varicella, measles, mumps, 
rubella [MMR]; typhoid). Vaccines and 
immune globulin products are often 
single-source products or only sup-
plied by 3 or fewer manufacturers. 
For example, in 2006, there was only 
1 licensed manufacturer in the United 
States distributing MMR vaccine; vari-
cella vaccine; tetanus and diphtheria 
vaccine; inactivated polio virus vac-
cine; meningococcal conjugate vac-
cine; and pneumococcal conjugate 
vaccines.19

Implications of deferrals. Short-
ages of vaccines have the potential 
to cause profound public health im-
plications. The Advisory Committee 
on Immunization Practices (ACIP) 
recommends that clinicians evaluate 
vaccination status at each patient visit 
and avoid delaying vaccinations (e.g., 
deferral for mild illness).6 Shortages 
of vaccines can result in deferrals and 
delays of over a year for vaccinations 
because many school-aged children 
only see a provider annually and most 
vaccine shortages last longer than 1 
year. In this analysis, a vaccine defer-
ral was required for 36% of shortages. 
In addition, multiple shortages might 

have a greater impact on children 
who get their first vaccination series 
because recommended vaccinations 
might be deferred more than once.

Shortages of vaccines have also 
resulted in changes to school vacci-
nation requirements.20 A publication 
describing 2 shortages of pneumo-
coccal vaccine (heptavalent pneumo-
coccal conjugate vaccine, PCV7) in 
2001 and 2004 analyzed whether the 
vaccination behavior of pediatricians 
in Cincinnati was changed through 
the shortages. Only 66% of healthy 
children were documented as having 
received their first 2 doses of pneu-
mococcal vaccine on time, compared 
with 74% of healthy children during 
nonshortage periods.10 An analysis of 
the vaccination coverage rates of Hib 
during the 2008–09 vaccine shortage 
revealed 7.8–10.3% lower coverage 
rates compared with periods without 
a shortage.9 Results of another study 
found a higher Hib carrier rate in At-
lanta due to the vaccination  defer-
ral during the 2008–09 Hib vaccine 
shortage.8 	

Unfortunately, our data show that 
many of the problems highlighted in 
GAO’s 2002 report on vaccine short-
ages still exist, such as manufacturing 
problems, demand exceeding supply, 
and a lack of redundancy in the man-
ufacturing process.20 In addition, vac-
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Table 2. Characteristics of Vaccines and Immune Globulins Affected by Shortages, 2001–15

Vaccine or Immune Globulin 
No. 

Shortages
Single 

Source?

Shortage 
Active on 

December 31, 
2015?

Included 
on 

Pediatric 
Schedule?

Hepatitis A 4 No No No

Hepatitis B 4 No No Yes

Rabies 4 No No No

Varicella 4 Yes No Yes

Haemophilus influenzae type b 3 No No Yes

Measles 3 Yes No Yes

Mumps 3 Yes No Yes

Rabies immune globulin 3 No No No

Rubella 3 Yes No Yes

Typhoid 3 Yes No No

Cytomegalovirus immune globulin 2 Yes No No

Diphtheria, tetanus, and acellular pertussis 2 No No Yes

Hepatitis B immune globulin 2 No No No

Influenza 2 No No Yes

Meningococcal (MCV4) 3 Yes Yes Yes

Measles, mumps, rubella, and varicella 2 Yes No Yes

Pneumococcal (PCV7) 2 Yes No Yes

Diphtheria and tetanus toxoids and acellular pertussis vaccine 
adsorbed 2 No No No

Diphtheria, tetanus, pertussis, and poliovirus antigens 1 No No Yes

Diphtheria, tetanus, pertussis, poliovirus, and H.influenzae type b 
antigens 1 Yes No Yes

Measles, mumps, and rubella 1 Yes No Yes

Pneumococcal (V23) 1 Yes No No

Yellow fever 2 Yes Yes No

Varicella immune globulin 1 No No No

Tetanus 1 Yes Yes No

Table 3. Reported Reasons for Vaccine and Immune Globulin Shortagesa

Reason for Shortage
No. (%) 

Shortages
Median (IQR) Duration 
of Shortage, in Months 

Discontinued product 3 (5) NA

Manufacturing problem 30 (51) 22.8 (16.8–31.1)

Supply-and-demand issues 4 (7) 16.4 (5.8–22.1)

Otherc 4 (7) 6.1 (4.5–15.5)

Unknown 18 (31) 7.8 (5.1–14.8)
aIQR = interquartile range, NA = not applicable.
bc2 = 13.199 with 3 d.f. (p = 0.004), Kruskal-Wallis test.
cNatural disaster (n = 2), shortage of raw materials (n = 1), and product recall (n = 1).

cine shortages may have a disparate 
effect on vulnerable populations. For 
example, among children receiving 
vaccinations in public clinics, those 
living outside of urban areas, children 
in the South, and American Indian/
Alaska Native children were less likely 
to have received the fourth dose of the 
DTaP vaccine during the shortage.22,23 

Mitigation strategies. There are 
several potential strategies that may 
mitigate the impact of vaccine short-
ages, such as early notification about 
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foreseeable shortages, vaccine defer-
rals, vaccine stockpiles, and importa-
tion of commercial alternatives.24

Manufacturers should provide 
early notification about expected 
shortages to ensure that this infor-
mation is included in current rec-
ommendations.25 Providers should 
become more vigilant regarding an-
ticipated shortages and proactively 
incorporate recommended strategies 
regarding existing supplies and future 
distribution. Unlike  shortages of on-
cology or emergency drugs, vaccine 
shortages do not usually require insti-
tutional responses. Decisions on vac-
cine deferrals should only be made on 
an institutional basis in emergency 
situations  (e.g., by vaccinating only 
high-risk patients) because vaccines 
are not usually used during emergen-
cies. Instead, recommendations on 
deferrals should be issued on a state 
or national level. In the past, CDC, to-
gether with the American Academy of 
Pediatrics and the American Academy 
of Family Physicians, issued vaccine 
deferral recommendations, asking 
providers to withhold a third or fourth 
dose of PCV7 during the 2003–04 
shortage.21 

In another study, good adherence 
of pediatricians to vaccination rec-
ommendations was reported, with 
91% of assessed care providers stating 
that high-risk patients were fully vac-
cinated. At the same time, pediatri-
cians whose practice experienced no 
vaccine shortage were more likely to 
administer a fourth dose of PCV7 vac-
cine despite recommendations to the 
contrary.26 This highlights the com-
plexities of implementing vaccine de-
ferrals when the vaccine supply is not 
distributed equally.

In order to keep track of patients 
who miss a vaccine booster during a 
shortage, proper surveillance mea-
sures should be implemented. During 
the 2003–04 shortage of PCV7, systems 
to track children who missed doses 
due to redistribution of vaccines at 
the national level were reported in ap-
proximately two thirds of the practices 
that deferred a vaccination.21,26 

Influenza vaccine shortages were 
reported for patients at high risk dur-
ing the 2004–05 influenza season. 
During this time, pediatricians priori-
tized vaccination of younger children 
and those with chronic medical condi-
tions, such as chronic heart or kidney 
diseases and organ transplants or can-
cer.11 Another strategy used in emer-
gency medicine during a past shortage 
of tetanus vaccine was to provide teta-
nus boosters to patients with high-risk 
wounds only.27 

Although the tracking of current 
vaccine stocks and early notifica-
tion of when these stocks fall below 
certain levels do not prevent vaccine 
shortages, these methods could initi-
ate early mitigation measures even 
before a vaccine shortage hits by is-
suing preventive deferrals or modify-
ing immunization recommendations. 
The 2002 vaccine shortage resulted 
in multiple at-risk children not be-
ing vaccinated according to sched-
ule.20,22 In response, CDC used vaccine 
stockpiles for children to mitigate the 
risk of potential epidemics triggered 
by future shortages. One model sug-
gested that while stockpiles were suf-
ficient to meet future interruptions 
in manufacturing that last less than 6 
months, the prolonged median short-
ages (5.1 months for immune globu-
lins and 25.7 months for combination 
products) in this analysis (Table 1) 
suggest that such stockpiles may be 
inadequate to meet vaccination needs 
for children.22 A 6-month stockpile is 
therefore unlikely to be effective due 
to the typically lengthy duration of 
vaccine shortages.

While FDA has imported medica-
tions from other countries in the past 
to help alleviate drug shortages (e.g., 
propofol, nitroglycerin, doxorubicin), 
no vaccine products have been im-
ported to help alleviate vaccine short-
ages, and doing so could lead to extra 
costs due to the additional regulatory 
approval process. The importation of 
vaccines would be required if a U.S. 
vaccine product was discontinued 
without the availability of an adequate 
alternative. 

It would be useful to assess 
whether drug shortages in the United 
States also occur globally; however, 
the United States is one of the few 
countries with such a robust system 
for tracking drug shortages. Other 
countries do not have a systematic 
way of tracking drug shortages or their 
systems are in the course of develop-
ment. Manufacturers of vaccines in 
multiple countries do not provide in-
formation about vaccines marketed 
outside the United States to clinicians 
in the United States.17 Despite this lim-
itation, even if it is possible to know if 
a vaccine was marketed in another 
country, it is still impossible to know 
if there were shortages at that time in 
another country unless case reports 
were published in the literature, as it 
was for a shortage of bacille Calmette-
Guérin vaccine in Europe.28

Ethical frameworks. Regardless 
of the type of vaccine implicated in 
a shortage, it is important to have 
an organized and ethical framework 
for the distribution of limited vac-
cine supplies. General ethical recom-
mendations on the rationing of drugs 
respecting principles of justice and 
fairness include establishing an allo-
cation committee for drugs on short-
age to provide guidelines for patient 
prioritization.29 For vaccines repre-
sented in pediatric schedules, ACIP 
and CDC have often provided recom-
mendations for prioritizing patients. A 
strategy used for transferring ethical 
principles into oncology practice re-
garding drug shortages is the so-called 
“A4R” approach, which addresses rel-
evance, transparency, revision, and 
enforcement.30

A key difference between vaccine 
and immune globulin shortages and 
other drug shortages is that there is 
typically no immediate harm due to 
a shortage, but future harm may be 
long reaching if sufficient vaccines are 
deferred to reduce overall herd immu-
nity. There are also fewer available al-
ternatives for a vaccine shortage. 

Addressing reasons for short-
ages. The vaccine manufacturing proc-
ess is complex and thus fragile. A CDC 
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publication described the vaccine 
shortages between 2000 and 2004 and 
the reason for the shortages in detail.19 

Factors disturbing the manufacturing 
process include production problems, 
adherence to quality-control mea-
sures, recommendations to remove 
the preservative thimerosal, and eco-
nomic decisions. 

Production problems as a cause of 
shortages is not unique to vaccines. A 
summary of drug shortages (not lim-
ited to vaccines) found that injectable 
drugs accounted for 73% of all short-
ages in 2011 and that quality issues ac-
counted for 56% of shortages of sterile 
injectable drugs.31 Quality issues for 
injectables were defined as bacterial 
or mold contamination and the pres-
ence of foreign particles in vials. These 
findings suggest that manufactur-
ers should develop and expand their 
own quality-control measures in order 
to minimize these incidents.32 FDA, 
GAO, and the International Society 
for Pharmaceutical Engineering have 
identified quality issues and manufac-
turing problems as the key causes of 
drug shortages. It has been proposed 
that the reason for problems related to 
quality is a lack of transparency, which 
results in few manufacturers devoting 
resources to ensure the highest quality 
manufacturing.33

Ultimately, a multifaceted ap-
proach involving stakeholders from 
government and industry will be re-
quired to address the underlying rea-
sons for vaccine shortages. Suggested 
solutions include financial incentives 
for vaccine manufacturers, regula-
tory changes, and rotating vaccine 
stockpiles, particularly for pediatric 
vaccines.20

Implications for pandemic pre-
paredness. Influenza vaccine short-
ages have significant implications for 
preparedness for influenza epidemics 
and pandemics, particularly given the 
small number of influenza vaccine 
manufacturers. Even with 5 manufac-
turers of influenza vaccine, the total 
number of influenza vaccine doses 
provides a dose for less than half the 
population of the United States.34 In 

addition, the majority of influenza 
vaccine produced in the United States 
requires a lengthy egg-based manu-
facturing process.35 Cell-based and 
recombinant influenza vaccines are 
made by 2 separate companies but 
represent a low volume of the overall 
influenza vaccine market.34 Influenza 
vaccines were affected by 2 short-
ages during the observation period. 
While nonpharmaceutical interven-
tions such as social distancing and 
postexposure prophylaxis will play a 
major role during a pandemic, vacci-
nation remains an important strategy, 
particularly for at-risk populations.36 
Alternative strategies during short-
ages include targeting and prioritiz-
ing high-risk groups for vaccination 
as well as using modified formulations 
(i.e., split or whole virus formulations 
or adjuvants).37 

Additional preventive measures. 
CDC maintains a national stockpile 
that includes a 6-month rotating sup-
ply of pediatric vaccines, which began 
as early as 1983 for some vaccines.19 
Since then, stockpiles have been used 
to cover vaccine demand on at least 8 
occasions until 2004.12 Optimization 
efforts concerning stockpiling pedi-
atric vaccines were implemented in 
2002.19 

Several simulations exist to opti-
mize vaccine stockpiling.38,39 Planned 
stockpiling at a national level must be 
differentiated from individual physi-
cians’ practices to maintain vaccine 
stocks in their offices, which is better 
described as hoarding. Furthermore, 
SWOT analysis (strengths, weakness-
es, opportunities, threats) may help 
public health partners address short-
ages of vaccinations, such as influenza 
vaccine, to help develop strategies 
for rationing vaccines during public 
health emergencies.40

Study limitations. The major lim-
itation of this study was that we could 
not assess the actual effect of short-
ages on individual institutions or pa-
tient care (e.g., delayed or suboptimal 
therapy, resultant medication errors 
and adverse outcomes). We also could 
not describe the severity of shortages 

affecting a particular product (i.e., 
whether the product was in limited 
supply or completely unavailable) and 
how these were ultimately dealt with 
on a healthcare system level. However, 
CDC adjusted the vaccination sched-
ule for multiple products due to short-
ages of MMR vaccine, Hib vaccine, 
PCV7, and varicella vaccine. CDC also 
recommended deferring preexposure 
prophylaxis vaccinations during the 
rabies vaccine shortage. We did not 
take into account additional costs or 
toxicity when considering the use of 
available substitutes. In addition, the 
duration of shortages that were active 
at the end of the study period would 
be underestimated. Finally, we could 
not account for the time and resources 
used by institutions to mitigate drug 
shortages as well as the effectiveness 
of mitigation strategies. These are all 
potential areas for additional prospec-
tive studies. 

Conclusion

Drug shortages of vaccines and 
immune globulin products accounted 
for only 2.8% of reported drug short-
ages within a 15-year period, but 
about half of these shortages involved 
products on the pediatric vaccination 
schedule, which may have significant 
public health implications. 
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