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Background.  In recent years, the price of many older generic drugs, including numerous antibiotics, has increased substantially. 
We sought to analyze recent price changes and extent of generic competition within a cohort of commonly prescribed off-patent oral 
antibiotics.

Methods.  We extracted oral antibiotics recommended for common outpatient conditions in the Infectious Diseases Society of 
America Practice Guidelines. We determined all US Food and Drug Administration–approved manufacturers for each formula-
tion and strength in 2013 and 2016 and the yearly national average drug acquisition cost (NADAC) price between 2013 and 2016. 
Wilcoxon signed rank test was used to compare changes in drug prices and number of manufacturers from 2013 to 2016. Spearman 
correlation coefficient was used to assess the association between drug prices and number of manufacturers.

Results.  Twenty-two antibiotics (81 formulations and strengths) were analyzed. There was no change in the median NADAC 
price or the number of manufacturers between 2013 and 2016. However, 11 (14%) formulations increased in price by 90% or more, 
and 13 (16%) had 2 or fewer manufacturers during all 4 years. Antibiotic prices were negatively associated with the number of avail-
able manufacturers.

Conclusions.  While prices and the number of manufacturers for common oral antibiotics were overall stable between 2013 and 
2016, reduced manufacturer competition was associated with increased prices. A subset of antibiotics exhibited substantial price 
increases, and most, but not all, had limited manufacturer competition. Policy solutions are needed to ensure availability of low-cost, 
essential generic antibiotics.
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Prescription drug spending in the United States continues to 
increase at a pace beyond that in many other sectors of the 
healthcare marketplace, with brand-name drugs accounting 
for the majority of this spending [1]. Manufacturers of brand-
name drugs set prices as high as the “market will bear” dur-
ing their limited period of market exclusivity—usually about 
12–15  years—after which interchangeable generic versions 
reach the market and lead to reduced prices from competi-
tion [2]. If insufficient numbers of generic manufacturers exist 
to provide effective competition, however, prices can rise back 
to brand-name levels, as occurred with 3 antiparasitic drugs—
albendazole (Albenza), praziquantel (Biltricide), and pyrimeth-
amine (Daraprim). These drugs increased in price by 1920%, 
356%, and 5433%, respectively, in recent years [3, 4].

Limited generic competition can also leave drugs susceptible 
to shortages [5]. Recently, the sole manufacturer of penicillin 

G benzathine (Bicillin L-A), the first-line treatment for syphilis 
and the only recommended treatment for syphilis in pregnant 
women, experienced manufacturing problems that resulted in a 
drug shortage [6]. Between 2001 and 2013, there were 148 short-
ages of antibiotics, including many that were intravenous, broad 
spectrum, and used to treat serious infections [7]. Antibiotic 
shortages can have substantial impacts on patient care, includ-
ing the need to use alternative antibiotics that may be less ef-
fective, toxic, or more costly [8]. Drug shortages can also lead to 
price increases. For example, a shortage of doxycycline hyclate 
and doxycycline monohydrate in 2013 led to a 5500% price in-
crease for some formulations [9].

Because the antibiotic market has been particularly affected 
by generic drug price hikes and drug shortages, we sought to 
analyze changes in the prices and the number of manufacturers, 
over time, among a cohort of essential oral antibiotics.

METHODS

Sample Identifications

We searched for infectious disease conditions commonly 
managed in the outpatient setting listed in the Infectious 
Diseases Society of America Practice Guidelines. These con-
ditions included cystitis/pyelonephritis, community-acquired 
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pneumonia, rhinosinusitis, streptococcus pharyngitis, skin and 
soft tissue infection, and diabetic foot infection. Within these 
guidelines, we extracted all oral antibiotics recommended for 
treatment of these conditions, excluding antibiotics only avail-
able by intravenous and intramuscular routes (N = 22) and 
drugs not approved for use in the United States (N = 1). If a 
guideline specified that a condition is managed primarily in the 
inpatient or outpatient setting, we included only those antibiot-
ics recommended within the outpatient setting. We then used 
the publicly available US Food and Drug Administration (FDA) 
Orange Book [10] to identify all of the distinct formulations 
and strengths available for each antibiotic in our final cohort by 
searching for the antibiotic’s generic name and excluding dis-
continued products.

Data Extraction

We sought 2 primary pieces of data for each antibiotic in 
our sample. First, we identified the total number of FDA-
approved manufacturers for each antibiotic in 2013 and 2016 
by calculating the total number of distinct manufacturer 
applicants for each formulation and strength listed in the 
FDA Orange Book, 33rd edition (2013), and in the online 
Orange Book database as of October 2016. The FDA Orange 
Book lists drug applicants that are approved to sell a particu-
lar drug in the United States.

Next, we extracted the national average drug acquisition cost 
(NADAC) price per unit of each antibiotic formulation from 
the publicly available NADAC database. NADAC is the pric-
ing benchmark used by the Centers for Medicare and Medicaid 
and represents acquisition costs for covered outpatient drugs 
purchased by retail community pharmacies; it does not include 
rebates [11]. We collected yearly antibiotic prices from 2013 
to 2016, using the latest date for which pricing was available 
between September and November of each year. We excluded 
antibiotics that did not have NADAC pricing information 
available for all 4 years (3 antibiotics; 72 total formulations 
and strengths). To estimate the daily cost of each antibiotic, we 
multiplied the NADAC price per unit by the usual number of 
doses per day for each antibiotic formulation. If the dosing of a 
particular antibiotic varied depending on the disease or organ-
ism, we chose the less frequent dosing schedule. We labeled this 
value as the “price per day.”

Then, we examined the effect of 2 variables on the degree of 
competition among manufacturers and antibiotic prices: the 
year of the new drug application (NDA) and the type of anti-
biotic formulation. We extracted the year of the NDA from the 
publicly available Drugs @FDA database for each formulation 
and strength and categorized each into 2 groups: “approved in 
1982 or earlier” or “approved after 1982.” The NDA approval 
year was not available for 2 formulations and strengths. We also 
categorized each antibiotic by formulation, as either a “tablet or 
capsule” or “non-tablet/capsule.”

Statistical Analyses

Descriptive statistics are shown as median (min, max). The com-
parison between 2013 and 2016 drug prices and number of man-
ufacturers was obtained using Wilcoxon signed rank test. The 
association between the change in drug price and the change in 
number of manufacturers from 2013 to 2016 was assessed using 
Spearman correlation coefficient. A subgroup analysis was per-
formed for the year of the NDA and the type of drug formula-
tion. All analyses were carried out using the SAS system (v. 9.3; 
SAS Institute, Cary, North Carolina). All P values are 2-sided 
and a value <0.05 was considered statistically significant.

RESULTS

Twenty-two antibiotics (81 formulations and strengths) were 
included in the analysis (see Supplementary Materials). About 
three-quarters (58/81, 72%) were tablets and capsules, with the 
remaining 23 formulated in packets, suspensions, and solutions. 
About half were FDA approved after 1982. The median price 
per unit, price per day, and number of manufacturers between 
2013 and 2016 are shown in Table 1.

Changes in Price

There was no overall change in the median NADAC price per 
unit or price per day between 2013 and 2016. We identified 
11/81 (14%) antibiotic formulations that increased in price by 
90% or more and 5/81 (6%) that increased in price by 200% 
or more (Table 2). Of the 11 drugs with substantial price 
increases, 6 (55%) were produced by 2 or fewer manufacturers 

Table 1.  Pricing and Manufacturer Trends Among a Sample of First-Line 
Oral Antibiotics Used to Treat Common Infections, 2013–2016

Antibiotics by Formulation 
and Year of FDA Approval 2013 2016 P Value

All antibiotics

  Price per unit 0.43 (0.02, 113) 0.43 (0.02, 63.7) .58

  Price per day 0.77 (0.06, 227) 0.86 (0.06, 63.72) .47

  Number of manufacturers 5 (1, 15) 5 (1, 18) .09

Tablet/capsule formulations

  Price per unit 0.51 (0.06, 113) 0.55 (0.07, 19.1) .83

  Price per day 1.00 (0.12, 227) 1.16 (0.17, 43.95) .97

  Number of manufacturers 5 (1, 15) 6 (1, 18) .07

Nontablet/capsule formulations

  Price per unit 0.36 (0.02, 49.2) 0.33 (0.02, 63.7) .19

  Price per day 0.64 (0.06, 49.2) 0.60 (0.06, 63.7) .15

  Number of manufacturers 3 (1, 7) 4 (1,6) .84

Approved 1982 or earlier

  Price per unit 0.24 (0.02, 3.51) 0.29 (0.02, 14.7) .16

  Price per day 0.60 (0.06, 9.80) 0.72 (0.06, 44.0) .11

  Number of manufacturers 4.50 (1, 13) 5 (1, 10) .78

Approved after 1982

  Price per unit 0.53 (0.03, 113) 0.62 (0.03, 63.7) .84

  Price per day 0.98 (0.09, 227) 0.99 (0.08, 63.7) .84

  Number of manufacturers 5 (1, 15) 6 (1, 18) .01

All data are presented as median (min, max).
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during all 4 years and 5 (45%) were produced by 4 or more 
manufacturers. By contrast, among the antibiotics that did 
not have substantial price increases, only 7/70 (10%) were 
produced by 2 or fewer manufacturers. We identified 1 anti-
biotic formulation that decreased in price by 90% or more in 
our study period: linezolid (Zyvox) 600-mg tablet decreased 
in price by 94% and had an increase in the number of man-
ufacturers from 1 to 10 (brand-name linezolid lost its market 
exclusivity in 2015).

Manufacturing Trends

Among all antibiotics, there was no change in the median 
number of FDA-approved manufacturers per antibiotic 
between 2013 and 2016. We identified 13/81 (16%) antibiotic 
formulations with 2 or fewer FDA-approved manufacturers 
listed for all 4 years (Table 3). Most of these drugs were FDA-
approved prior to 1982 (9/13, 69%), and 6/13 (46%) sustained 
price increases of 90% or more. By contrast, 68/81 (84%) 
drugs had 3 or more manufacturers, of which 29 (43%) were 
FDA approved before 1982 and only 5 (7%) sustained price 
increases of 90% or more.

Association Between Antibiotic Characteristics and Price Changes

There was no association between antibiotic formulation (tab-
let/capsule vs other) or year of approval (pre-1982 vs post-1982) 
and changes in price. We found that the change in the antibiotic 
price per unit was negatively associated with the change in the 
number of manufacturers (Figure 1). The strength of this asso-
ciation varied depending on the antibiotic category.

In examining the number of manufacturers and price of all 
antibiotics in our sample, the Spearman correlation coefficient 
was –0.31 (P = .0046), indicating that an increase in the number 
of manufacturers was associated with a decrease in drug prices. 
Antibiotics in a tablet/capsule formulation and with an NDA 
approval year after 1982 exhibited slightly stronger associations 
(Spearman coefficient, –0.39 and P = .003 and Spearman coeffi-
cient, –0.44 and P = .005).

DISCUSSION

Among a cohort of widely used oral antibiotics recommended for 
treatment of common infections, the median price and number 
of manufacturers were stable between 2013 and 2016. However, 
14% of antibiotics sustained large price increases—90% or 
more—during that time, and a substantial minority of antibi-
otics had limited competition. Antibiotic prices were negatively 
associated with manufacturer competition.

Our results are consistent with a recent Government 
Accountability Office (GAO) analysis of 1441 generic drugs 
under Medicare Part D. The GAO found an overall 59% price 
decline from the first quarter of 2010 to the second quarter of 
2015, with 315 (22%) demonstrating a price increase of at least 
100% [12]. A report by the American Association of Retired 

Table 2.  Antibiotic Formulations in the Sample With Substantial Price Increases from 2013 to 2016

Drug

Number of 
Manufacturers, 

2013

Number of 
Manufacturers, 

2016
Percentage Price 

Increase
Year of US Food and Drug Administration 

Approval

Erythromycin 500-mg tablet 1 1 348.3 1972

TMP-SMX 200-mg/5 mL; 40-mg/5 mL suspension 4 4 298.1 1975

Erythromycin ethylsuccinate 400-mg tablet 1 1 270.7 1975

Erythromycin 250-mg tablet 1 1 241.3 1972

Cephalexin 125-mg/5 mL suspension 7 3 206.4 1971

Cephalexin 250-mg/5 mL suspension 7 3 165.1 1971

Cefuroxime 250-mg tablet 9 8 138 1987

Cefuroxime 500-mg tablet 9 8 137 1987

Penicillin VK 125-mg/5 mL solution 2 2 99.6 1968

Dicloxacillin 250-mg capsule 2 2 97 1968

Dicloxacillin 500-mg capsule 2 2 91.1 1968

Abbreviation: TMP-SMX, trimethroprim/sulfamethoxazole.

Table  3.  Antibiotic Formulations in the Sample With 2 or Fewer 
Manufacturers

Drug

Number of 
Manufacturers, 

2013

Number of 
Manufacturers, 

2016

Year of US 
Food and Drug 
Administration 

Approval

Fosfomycin trometamol 3 g/ 
packet

1 1 1996

Erythromycin 250-mg tablet 1 1  1972

Erythromycin 500-mg tablet 1 1  1972

Erythromycin ethylsucci-
nate 400-mg tablet

1 1  1975

Dicloxacillin 250-mg capsule 2 2 1968

Dicloxacillin 500-mg capsule 2 2 1968

Cefaclor 250-mg capsule 2 2 1979

Cefaclor 500-mg capsule 2 2 1979

Penicillin VK 125-mg/5 mL 
solution

2 2 1968

Penicillin VK 250-mg/5 mL 
solution

2 2 1968

Azithromycin 1-g powder 
packet

1 1 1994

Linezolid 100-mg/5 mL 
suspension

1 2 2000

Doxycycline 40-mg capsule 2 1 2006
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Persons similarly found that while overall generic drug prices 
are decreasing, particular generic drugs have exhibited steep 
price increases [13].

Sufficient generic competition is a primary reason why prices 
for most of the antibiotics in our sample were stable [14]. Nearly 
all of the antibiotics with stable prices were produced by 3 or 
more manufacturers, and antibiotic prices were negatively asso-
ciated with the number of manufacturers. This is consistent 
with data from the FDA, which has shown that while entry of 
the first generic competitor into a drug market does not sig-
nificantly decrease the original price, entry of a second generic 
competitor will decrease the price by one-half, with incremental 
price decreases resulting from the third (44%), fourth (39%), 
and fifth (33%) generic competitor [15].

By contrast, 16% of the antibiotics in our sample increased in 
price by more than 90% and had limited competition. For example, 
cephalexin 125-mg/5 mL suspension and cephalexin 250-mg/5 mL 
suspension exhibited price increases of 206% and 165% respec-
tively, while the number of manufacturers for each formulation 
decreased from 7 to 3. Six of the other antibiotic formulations 
with substantial price increases were produced by 2 or fewer FDA-
approved manufacturers during the entire study period.

Notably, a few drugs sustained price increases despite seem-
ingly sufficient generic competition, as occurred with trime-
throprim/sulfamethoxazole (TMP-SMX) 200 mg/5 mL and 
40 mg/5 mL suspension and cefuroxime 250-mg and 500-mg 
tablets. One possible explanation is that despite having multi-
ple FDA-approved manufacturers listed in FDA’s Orange Book, 
manufacturers exited the market without unregistering their 
drug. Alternative explanations include higher costs of manufac-
ture due to price increases of key ingredients. Anticompetitive 

manufacturer practices can also lead to high drug prices. On 14 
December 2016, 20 states filed a complaint accusing multiple 
generic manufacturers of price collusion, which included doxy-
cycline hyclate delayed-release tablet (Doryx) [16].

Substantial price increases that affect commonly used drugs 
can be harmful to patients, particularly the uninsured and 
underinsured [17]. For example, it is well known that patients 
prescribed oral antibiotics are vulnerable to nonadherence 
[18]. One study found that patients who were prescribed oral 
antibiotics at hospital discharge for Staphylococcus aureus 
skin and soft tissue infection had limited adherence, leading 
to worse clinical outcomes [19]. The price increases of diclox-
acillin, cephalexin, and TMP-SMX are concerning given the 
frequency with which these antibiotics are prescribed for the 
treatment of suspected methicillin-susceptible S. aureus and 
methicillin-resistant S. aureus skin and soft tissue infection, 
and the clinical implications of nonadherence in this patient 
population.

Policymakers need to help guard against price increases that 
lead to antibiotic non-adherence, which can be damaging to 
patients and the public health through the promotion of multi-
drug-resistant bacteria. One way to do that would be to stabilize 
the market for generic antibiotics with limited competition. The 
FDA already expedites generic applications from manufacturers 
that enter a market with no generic competitors, and this prac-
tice was recently extended to markets with 3 or fewer manufac-
turers [20]. Strategies for accomplishing this goal also include 
temporary importation of off-patent antibiotics from other 
well-regulated settings outside the United States in response to 
price increases [21] and the establishment of formal systems for 
expediting access to generic manufacturers approved in such 
settings [22]. The government might also offer long-term pur-
chasing contracts for certain antibiotics, in the same way that it 
does for pediatric vaccines [23]. The Federal Trade Commission 
should also closely scrutinize further consolidation among gen-
eric drug manufacturers to ensure that sufficient competitors 
exist to produce essential antibiotics [24]. However, our results 
show that a focus on increasing the number of generic antibiotic 
manufacturers will not be sufficient, and additional steps will 
be needed to ensure that older drugs do not increase in price 
without a valid reason, such as increased supply chain costs. For 
example, the state of Maryland recently passed a law intended 
to prevent large jumps in the price of older, generic drugs by 
requiring review by the state attorney general and granting judi-
cial authority to reverse the price hike [25].

Our study has several limitations. While we attempted to 
characterize all oral drugs within the US antibiotic market rec-
ommended for use for common conditions, a small number 
of antibiotics in this category were excluded from our sample 
due to insufficient pricing data. The NADAC pricing database 
that we used is only one pricing benchmark, and it is based on 
voluntary national surveys and may not be representative of all 

Figure 1.  Association between the change in number of manufacturers and the 
change in antibiotic prices.
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retail pharmacies. Finally, the FDA’s Orange Book manufacturer 
database only represents FDA approvals and not manufacturer 
sales. The database may therefore include approved manufac-
turers that are not actively selling a drug in the United States or 
manufacturers that have discontinued a drug but did not notify 
the FDA, which would have led to overestimation of the num-
ber of manufacturers.

CONCLUSIONS

Antibiotic prices and the number of manufacturers for com-
monly prescribed oral, off-patent antibiotics have, overall, been 
stable in the past few years. However, reduced generic com-
petition was associated with an increase in antibiotic prices, 
which was particularly noticeable in a subset of these important 
antibiotics. Unless policymakers take steps to ensure effective 
competition among generic antibiotic manufacturers, patients 
will face greater costs, leading to nonadherence, worse patient 
outcomes, and the possibility of further antibiotic resistance, to 
the detriment of the public health.
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