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During	 2012–2013,	 the	 US	 Centers	 for	 Disease	 Control	
and	 Prevention	 and	 partners	 responded	 to	 a	 multistate	
outbreak	 of	 fungal	 infections	 linked	 to	 methylpredniso-
lone	acetate	 (MPA)	 injections	produced	by	a	compound-
ing	 pharmacy.	We	 evaluated	 the	 effects	 of	 public	 health	
actions	 on	 the	 scope	 of	 this	 outbreak.	A	 comparison	 of	
60-day	 case-fatality	 rates	 and	 clinical	 characteristics	 of	
patients	 given	 a	 diagnosis	 on	 or	 before	 October	 4,	 the	
date	the	outbreak	was	widely	publicized,	with	those	of	pa-
tients	 given	a	 diagnosis	 after	October	 4	 showed	 that	 an	
estimated	3,150	MPA	 injections,	153	cases	of	meningitis	
or	 stroke,	and	124	deaths	were	averted.	Compared	with	
diagnosis	after	October	4,	diagnosis	on	or	before	October	
4	was	significantly	associated	with	a	higher	60-day	case-
fatality	 rate	 (28%	 vs.	 5%;	 p<0.0001).	 Aggressive	 public	
health	action	resulted	in	a	substantially	reduced	estimated	
number	of	persons	affected	by	this	outbreak	and	improved	
survival	of	affected	patients.

In September 2012, the US Centers for Disease Con-
trol and Prevention (CDC), in collaboration with state 

and local health departments, initiated a multistate in-
vestigation into an outbreak of fungal infections linked 
to injections of preservative-free methylprednisolone ac-
etate (MPA) produced at a single compounding pharmacy 
(New England Compounding Center [NECC], Framing-
ham, MA, USA) (1,2). Three lots of MPA produced by 
NECC were implicated in this outbreak: 05212012@68, 
06292012@26, and 08102012@51 (hereafter called lots 
05, 06, and 08, respectively) (2). The Mycotic Diseases 
Branch Laboratory at CDC confirmed the presence of 
Exserohilum rostratum, an environmental mold and the 
primary pathogen in this outbreak, in lots 08 and 06 (3); 
detection of E. rostratum DNA in lot 05 was reported to 
CDC (3). This contamination resulted in one of the larg-
est outbreaks of health care–associated infections and the 
largest outbreak of fungal meningitis documented in the 
United States. Thousands of public health officials at fed-
eral, state, and local levels, along with clinicians and ad-
ministrative staff, worked over a period of many months 
to respond to this unprecedented outbreak.

CDC and partners quickly took action for several rea-
sons: the high mortality rate seen in previous outbreaks of 
fungal meningitis (4,5), concern that subacute clinical signs 
and symptoms would not prompt exposed persons to seek 
health care evaluation until they had severe disease, and the 
large number of persons potentially exposed to contaminat-
ed MPA. Several key public health actions took place dur-
ing the 10-day period of September 25–October 4, 2012. 
On September 25, NECC was informed that 3 MPA lots 
from its pharmacy appeared to be implicated in this out-
break. The next day, NECC issued a voluntary recall of the 
3 lots. On September 28, CDC and state partners initiated 
efforts to notify all 13,534 persons potentially exposed to 

the implicated MPA to provide information on exposure 
and indications for seeking medical care.

CDC and partners developed diagnostic and treatment 
guidelines on the basis of expert opinion and incoming lab-
oratory and patient data. These guidelines and subsequent 
updates were posted on CDC’s outbreak website (6) and 
disseminated through Health Advisory notices. A Health 
Advisory notice containing the first diagnostic and treat-
ment guidance for this new clinical entity was distributed 
on October 3 (7) and was posted online on October 4. On 
that day, a joint Food and Drug Administration and CDC 
telebriefing (by telephone) publicized the outbreak and 
confirmed the presence of fungal contamination in un-
opened vials from lot 08 MPA (8). We conducted analyses 
to estimate the effect of these public health actions on the 
size and severity of this outbreak as measured by changes 
in the numbers of case-patients and deaths.

Methods

Overview of Modeling Used to Assess Effects of  
Public Health Actions
We restricted our analyses to patients with meningitis, in-
cluding those with stroke caused by presumed meningitis. 
Cases of parameningeal (e.g., epidural abscess) or periph-
eral joint infection were not included in this analysis. To 
evaluate the effect of public health actions on the size of 
this outbreak, we sought to determine numbers of 1) MPA 
injections averted, 2) cases of meningitis or stroke averted, 
and 3) deaths caused by meningitis or stroke averted. Infor-
mation about volume of MPA recalled was unavailable, so 
we estimated the recalled volume from data in NECC MPA 
shipping records. To estimate cases averted, we calculated 
attack rates in 2 steps. First, we modeled attack rates for 
patients with single injections. For patients with multiple 
injections, we conducted a Monte Carlo simulation that 
assigned a single responsible injection for each patient in 
each simulation. This simulation also provided estimates 
of uncertainty. To estimate deaths averted, we applied the 
case-fatality rate (CFR) for case-patients before most pub-
lic health actions had occurred for the case-population at 
risk (i.e., number of case-patients diagnosed after October 
4 and still alive 60 days later and estimated number of case-
patients predicted to have occurred after October 4 if no 
recall had occurred).

Case Definition
Case definitions developed during the outbreak response 
were used in this analysis (9). A case-patient was defined 
as a person who, after May 21, 2012, received an epidural 
or paraspinal MPA injection from an implicated lot and 
subsequently had either meningitis of unknown etiology or 
posterior circulation stroke without cardioembolic source 
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and without a documented normal cerebrospinal fluid 
(CSF) profile. Meningitis was defined as >5 leukocytes/
mm3 in CSF from a person with compatible symptoms 
(e.g., headache, stiff neck). Date of diagnosis was defined 
as the date when an initial lumbar puncture yielded CSF 
that met the meningitis case definition or the reported date 
of stroke diagnosis for stroke cases. Cases were defined as 
laboratory confirmed if histopathologic, microscopic, cul-
ture, or molecular evidence of a fungal pathogen was pres-
ent and associated with the clinical syndrome. Inclusion in 
this analysis was limited to cases reported on or before the 
final case count published on October 23, 2013.

MPA Injections Averted
NECC shipping records provided information on date of 
shipment, volume, and lot number of MPA shipped to each 
of the 75 injection facilities that received contaminated 
lots of MPA. To estimate volume of steroid recalled, we 
modeled the MPA use rate at each injection facility. For 
the 52 facilities that received >1 shipment of implicated 
MPA, we estimated a per-facility MPA use rate on the 
basis of reorder frequency and shipment volumes. This 
approach could not be used for 23 facilities that had a 
single shipment (i.e., they placed no reorders). For those 
facilities, we developed a simple linear regression model 
to estimate use rate with average volume of MPA as the 
predictor (online Technical Appendix, http://wwwnc.cdc.
gov/EID/article/21/6/14-1558-Techapp1.pdf). We as-
sumed that use of NECC MPA at each injection facility 
began on the first business day after a shipment date, that 
use occurred at the facility only on business days, and 
that use ceased completely on September 27, 2012. These 
methods enabled us to estimate weekly volume of NECC 
MPA used across all 75 clinics.

To estimate the volume recalled, we subtracted the 
total volume of estimated use before September 27 from 
the total volume shipped. To estimate the number of MPA 
exposures potentially averted, we divided the total volume 
of MPA recalled by 1 mL/injection volume (i.e., amount of 
MPA used per injection for 80% of patients). 

Cases of Meningitis or Stroke Averted
Previously published data suggested that attack rates varied 
by lot number and age of the vial, with age being mea-
sured as length of time from vial production to injection 
date (1). Consequently, we anticipated that we would need 
to estimate separate attack rates for each of the 3 implicated 
MPA lots to account for vial age. To account for changes 
in attack rates by vial age, we calculated the attack rate for 
each calendar week during which injections took place and 
produced separate estimates for each lot of MPA. For case-
patients with 1 injection, weekly lot-specific attack rates 
were calculated as follows: number of case-patients receiv-

ing an injection of lot X during a given week divided by 
estimated volume of lot X used that week (denominator 
was obtained from the MPA use rate analysis). A Poisson 
distribution was then fitted to the observed data to estimate 
the attack rate for each week during which injections were 
given (online Technical Appendix). The model’s covari-
ates were week of injection, lot number, and interaction be-
tween week and lot variables, selected because these vari-
ables showed evidence of modifying results. 

Next, for case-patients with >1 injection, we devel-
oped a probabilistic model that used a Monte Carlo simula-
tion to randomly assign a single injection as responsible for 
each case-patient’s infection (online Technical Appendix). 
A total of 100 simulations were performed; for each simu-
lation, the probability of injection assignment was derived 
from the predicted weekly lot-specific attack rates among 
case-patients with only 1 injection. A Poisson regression 
model, using the same covariates as those used in the mod-
el for case-patients with 1 injection, was then fit to the 100 
simulated datasets to produce a distribution of predicted 
number of cases (online Technical Appendix). To capture 
additional uncertainty, 100 additional simulations of the 
predicted number of cases were generated so that 10,000 
estimates of the predicted number of cases were generated 
for each week and lot combination. 

From this distribution, we then summed the median 
number of cases predicted for each week and lot combina-
tion after the recall date to obtain an estimated total number 
of cases averted. Finally, 95% CIs were calculated to cap-
ture uncertainty in our estimates (online Technical Appen-
dix). Extrapolation of weekly attack rates for lots 05 and 06 
were continued until the model predicted that the volume 
of MPA in those lots had been completely used (Figure 1). 
However, lot 08 was in use for only 5 weeks before the 
recall on September 26, 2012. Thus, for this lot, we lim-
ited the extrapolation of attack rates and cases averted to 3 
weeks after the recall (until October 14, 2012).

Deaths and Strokes Due to Meningitis Averted
To estimate the number of deaths averted, we first calcu-
lated the 60-day CFR for patients given a diagnosis early in 
the outbreak (on or before October 4), before widespread 
publicity and posting of clinical treatment guidelines. This 
60-day CFR was then applied to 2 groups of case-patients 
to estimate deaths averted: 1) patients given a diagnosis af-
ter October 4 who were still alive 60 days after diagnosis 
and 2) averted cases predicted to have occurred after Octo-
ber 4 without a recall.

Evaluating Changes in Number of Deaths  
During the Outbreak
The 60-day CFR was plotted by week of diagnosis to ex-
amine mortality trends during the course of the outbreak. 
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To understand whether these mortality trends were associ-
ated with changes in case-patient clinical characteristics, 
we compared measures of disease severity and treatment 
rapidity for case-patients given a diagnosis on or before 
October 4, 2012 to those given a diagnosis after that date. 
A χ2 test (dichotomous variables) and the Wilcoxon rank-
sum (continuous variables) test were used. We estimated 
the survival function of time from diagnosis to death by 
using a Kaplan-Meier estimator. The log-rank test was used 
to compare survival of the 2 groups.

Data on case-patient clinical characteristics were col-
lected from a standardized case report form created for this 
outbreak response. States reported case-patient deaths and 
dates of death routinely to CDC; thus, deaths occurring af-
ter completion of a case report form were captured system-
atically. The collection of patient-level data was deemed 

a public health emergency and was not subject to ethics 
review or informed consent procedures.

Results
We identified 391 patients with meningitis or stroke caused 
by presumed meningitis in 19 states (10). Detailed data 
were available for analyses for 389 (99%) of these patients.

Exposures Averted
NECC records indicated that 17,675 vials comprising 
29,641 mL of the implicated MPA lots were distributed 
to 75 facilities in 23 states. Of the 11,773 mL of lot 05 
shipped, we estimated that none was recalled; of the 10,847 
mL of lot 06 shipped, we estimated that 132 mL (1%) was 
recalled; and of the 7,021 mL of lot 08 shipped, we esti-
mated that 3,018 mL (43%) was recalled (Table 1) (On-
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Figure 1.	Weekly	lot-specific	observed	and	predicted	attack	rates	(cases/1,000	mL	injected)	for	illness	among	persons	injected	from	
3	lots	of	methylprednisolone	acetate	(MPA)	contaminated	with	the	fungus	Exserohilum rostratum,	United	States,	2012. Observed	
rates	obtained	by	combining	single	injection	data	and	1	representative	multiple	injection	simulated	dataset	(observed	rates	for	multiple	
injections	varied	by	simulation).	Observations	after	September	23,	2012,	were	excluded	in	the	prediction	model.	Long-dashed	line	
indicates	the	date	of	the	recall	of	the	3	lots	of	MPA	(September	26,	2012);	short-dashed	line	indicates	the	boundary	of	reliable	estimates	
of	attack	rates	in	our	model	(October	14,	2012).	
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line Technical Appendix). A total estimated 3,150 mL of 
MPA was shipped but not administered because of the re-
call. Using an estimated per-injection volume of 1 mL, an  
additional 3,150 injections with the implicated lots of MPA 
could have occurred if all 3 lots of contaminated MPA had 
not been promptly recalled (Table 1).

Weekly Lot-Specific Attack Rates and Cases Averted
Of the 391 case-patients, 370 (95%) had injection data 
available for calculating attack rates. Of the 370 patients, 
221 (60%) had 1 injection, 116 (31%) had 2 injections, 32 
(9%) had 3 injections, and 1 (<1%) had 4 injections. Figure 
1 shows observed and estimated weekly lot-specific attack 
rates in patients for each of the 3 contaminated lots of MPA.

For lot 05, predicted weekly attack rates increased 
from 1.9 (95% CI 0.8–4.7) cases/1,000 mL MPA admin-
istered during the first week of injections to 25.8 (95% 
CI 7.7–81.3) cases/1,000 mL MPA administered during 
the last week of injections; for these predictions, we as-
sumed that injections continued until all vials were used. 
Lot 06 had predicted weekly attack rates that increased 
from 1.6 (95% CI 0.8–3.1) cases/1,000 mL MPA adminis-
tered during the first week to 418.6 (95% CI 226.8–768.1) 
cases/1,000 mL MPA administered during the final week 
of injections (with the assumption that injections con-
tinued until all the vials were used). Lot 08 had predict-
ed weekly attack rates that increased from 5.5 (95% CI 
1.2–23.0) cases/1,000 mL MPA administered during the 
first week to 57.3 (95% CI 10.7–302.8) cases/1,000 mL 
MPA administered during the third week (October 14, 
2012) after the recall notice. For all 3 lots, predicted at-
tack rates rose as time from the medication production date 
increased (Figure 1). We estimate that without the recall 
of the 3 lots of MPA, 153 (95% CI 61–467) additional 
cases of meningitis would likely have occurred in persons 
exposed between September 26, 2012, and October 14,  
2012 (Table 2).

Meningitis Deaths Averted
Of the 389 patients with available detailed data, 40 died 
<60 days of diagnosis (60-day CFR 10%). Of the 82 pa-
tients given a diagnosis on or before October, 23 (28%) 
died <60 days of diagnosis compared with 17 (6%) of the 
307 patients given a diagnosis after October 4 (p<0.0001), 
an absolute risk reduction of 22% (Table 3). Of the 110 

patients with laboratory-confirmed infection, 19 died <60 
days of diagnosis (60-day CFR 17%). Of the 33 patients 
given a diagnosis on or before October 4, 13 (39%) died 
<60 days of diagnosis, compared with 6 (8%) of 77 who 
had a diagnosis after October 4 (p<0.0001) (Table 3).

Kaplan-Meier analysis and the log-rank tests showed 
that patients given a diagnosis after October 4 had im-
proved overall survival compared with those given a di-
agnosis on or before October 4 (p<0.0001) (Figure 2). 
Patients given a diagnosis after October 4 also had lower 
CSF median leukocyte count (29 cells vs. 1,064 cells; 
p<0.0001); lower median CSF protein (71 g/dL vs. 117 g/
dL; p<0.0001); higher median CSF glucose (55 mg/dL vs. 
38 mg/dL; p<0.0001); and fewer symptoms when care was 
sought (median 4 vs. 5; p<0.0001) (Table 3). For the 240 
patients with documented receipt of antifungal treatment, 
patients given a diagnosis after October 4 were more likely 
to receive antifungal drugs <48 hours of diagnosis (84% 
vs. 59%; p = 0.0006) (Table 3). The 60-day CFR by week 
of diagnosis was 50%–100% from August 27 through Sep-
tember 30; the CFR dropped substantially during the first 
week of October, to 3%–7% (Figure 3).

We applied the 60-day CFR (28%) of the 82 patients 
given a diagnosis of meningitis on or before October 4 to 
that of the 290 patients whose meningitis was diagnosed 
after October 4 and who were alive at 60 days (Table 3); 
we also applied that CFR to the 153 (95% CI 61–467) cases 
estimated to have been averted. With these calculations, we 
estimated that, without public health actions and early di-
agnosis and intervention by clinicians, 124 (range 98–211) 
additional deaths from meningitis or stroke may have oc-
curred through October 14, 2012 (Table 2).

Additional Use and Attack Rate Extrapolation
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Table 1.	Methylprednisolone	acetate	(MPA)	injections	shipped,	used,	and	recalled	by	lot* 
Lot	no. Volume	MPA	shipped,	mL Volume	MPA	used,	mL Volume	MPA	recalled,	mL 
05 11,773 11,773 0 
06 10,847 10,715 132 
08 7,021 4,003 3,018 
Total 29,641 26,491 3,150 
*Volume of MPA shipped was derived from New England Compounding Center’s shipping records. Volume used and recalled was estimated	by	using	the	
assumption	that	all	shipped	MPA	was	available	for	use	at	each	clinic. 

 

 

 

 
Table 2.	Meningitis	and	stroke	cases	and	deaths	averted	by	lot 

Lot	no. 
Cases	averted,	no.	

(95%	CI) 
Deaths	averted,	no.		

(range)* 
05 0 NA 
06 53	(32–88) NA 
08 100	(29–379) NA 
Total 153	(61–467) 124	(98–211)† 

*NA,	not	applicable. 
†Total deaths averted (124) derived from total cases averted (153) 
multiplied	by	the	case	fatality	rate	observed	early	in	the	outbreak	(28%)	
plus	case-patients	who	had	a	diagnosis	of	meningitis	after	October	4	and	
who	were	alive	at	60	days	(290)	multiplied	by	the	early	case	fatality	rate:	
(153	×	0.28)	+	(290	×	0.28).	Range	derived	from	the	upper	and	lower	
confidence	intervals	of	cases	averted	(e.g.,	98	=	[61×	0.28]	+	[290	×	0.28]). 
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Extrapolation of the amount used from lot 08 suggests that, 
in the absence of a recall, its use would have continued un-
til the week of December 2, 2012 (Figure 1). Estimates of 
attack rates and cases averted beyond October 14, 2012, are 
unreliable because of the short amount of time that lot 08 
was in use before the recall. However, if lot 08 injections 
had continued through December 2 and if we assume an 
exponential rate of increase in attack rates (as was applied 
to lot 06), during the final week of injections, the attack rate 
for lot 08 might have been as high as 768.8 cases/1,000 per-
sons exposed. Under these same assumptions, an additional 
169 cases (total estimated cases = 322) and an additional 47 
deaths (total estimated deaths = 171) would have occurred 
if lot 08 had been used through December 2. 

Discussion
This outbreak of fungal meningitis and other infections 
triggered a public health response that involved thousands 
of public health officials, clinicians, and medical staff 

throughout the United States. This massive effort was com-
mensurate with the scale of the public health crisis: a highly 
pathogenic fungus causing a clinical illness that had not 
been previously described and that initially resulted in a 
large number of deaths, with 13,534 persons potentially 
at risk. Despite the magnitude of this outbreak, we show 
that the effects of this outbreak, as measured by exposures, 
cases, and deaths, could have been far worse.

The 22% risk reduction in the  CFR described here 
among case-patients given a diagnosis after October 4 was 
likely due to the direct effects of patient notification and 
clinician outreach, highlighted by intense activity of pub-
lic health authorities during a 2-week period: multistate 
patient notification efforts were initiated (beginning Sep-
tember 28), a Health Advisory with diagnostic guidance 
was issued (October 4) (7), CDC’s first interim treatment 
guidance was developed and disseminated (October 4) (6), 
and the outbreak was publicized through a CDC–Food and 
Drug Administration joint telebriefing (October 4) (8) that 
publicly confirmed fungal contamination of MPA (8). Our 
analysis shows that these public health actions probably 
resulted in earlier diagnosis of infections at a less severe 
stage of disease and faster initiation of antifungal therapy; 
both actions may have contributed to a decreased number 
of deaths. The sharp decline in the 60-day CFR was prob-
ably not caused by inclusion of cases without fungal in-
fection because the decline was also shown in laboratory-
confirmed cases that had a CFR of ≈40% before October 4. 

The projected case estimates through October 14, 
2012, are likely underestimates because we could not 
accurately extrapolate attack rates and cases averted be-
cause lot 08 was not used beyond this date. With no re-
call, injections with lot 08 would likely have continued 
for many weeks beyond October 14 (Figure 1), resulting 
in additional cases. We also assumed that no further con-
taminated lots were produced after production of lot 08. 
However, because 3 sequential lots of MPA were contam-
inated and serious sterility breaches were found during the 
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Table 3. Clinical	characteristics	and	60-day	case	fatality	rates	for	meningitis	and	stroke	patients	given	a	diagnosis	on	or	before	
October	4,	2012,	versus	after	October	4,	2012 

Characteristic 
Diagnosis	date	on	or	before	

October	4,	n	=	82 
Diagnosis	date	after	October	4,	

n	=	307 p	value 
CSF	parameters*    
 Median leukocyte count, cells/μL                                               1,064 29 <0.0001 
Median	total	protein,	g/dL 

 Median	glucose,	mg/dL 
117 
38 

71 
55 

<0.0001 
<0.0001 

Median	no. of symptoms                                                                                                                                                   5 4 <0.0001 
Antifungal	treatment	within	48	h	of	diagnosis 20 (59%)† 173 (84%)† 0.0006 
Death	within	60	d	of	diagnosis 23 (28%)‡ 17 (6%)‡ <0.0001 
Laboratory-confirmed	cases	only,	n	=	110 33 77  
    Death	within	60	d	of	diagnosis 13	(39%)§ 6	(8%)§ <0.0001 
*CSF,	cerebrospinal	fluid. 
†The denominators used for percentages represent the number of case-patients	for	whom	data	on	antifungal	treatment	was	available	(34	and	206,	
respectively)	for	each	diagnosis	period.		 
‡The denominators used for percentages are the total number of case-patients	for	each	diagnosis	period.	 
§The	denominators	used	were	the	total	laboratory-confirmed	cases	for	each	diagnosis	period. 

 

Figure 2.	Kaplan-Meier	(product	limit)	survival	curves	and	persons	
at	risk	by	date	of	diagnosis	of	meningitis	and	stroke	case-patients	
among	persons	injected	from	3	lots	of	methylprednisolone	acetate	
contaminated	with	the	fungus	Exserohilum rostratum,	United	States,	
2012. No	patients	were	reported	as	lost	to	follow-up	(e.g.,	censored)	
during	the	6	months	after	their	diagnosis.



Deaths	and	Illnesses	Averted,	Meningitis	Outbreak	

onsite investigation at NECC (11), without a public health 
investigation and response, subsequent lots of contami-
nated MPA likely would have been produced, distributed,  
and administered. Ongoing contamination, leading to ad-
ditional cases, would have occurred without rapid diagno-
sis and reporting of the index case (12), identification of 
the contaminated product, and subsequent public health 
actions. If we assume that subsequent MPA lots would be 
similar to the 06 lot in size, rate and amount of contamina-
tion, and attack rate, each additional contaminated MPA 
lot may have resulted in 275 additional cases of meningi-
tis or stroke and 77 more deaths.

We found that the risk of meningitis and stroke was 
strongly influenced by the lot number and age of the MPA 
vial, with the latest produced lots (lots 06 and 08) and old-
est vials conveying higher risk for disease than the earliest 
produced lot (lot 05) and younger vials of MPA (Figure 1). 
Because this MPA formulation lacked preservative, which 
inhibits fungal growth, fungus may have been better able to 
proliferate during extended storage times, possibly leading to 
high fungal contamination and attack rates. A study of com-
pounded ophthalmic preparations reported increased fungal 
growth in preparations without common preservatives com-
pared with preservative-containing solutions (13). Further 
studies are needed to confirm this observation for MPA. 

Several areas of uncertainty surround our estimates. 
First, data on lot exposure were not always recorded in pa-
tient charts. When these data were missing, available data, 
including clinic shipping invoices and manufacture and in-
jection dates, were used to extrapolate the most likely lot 
exposure. Second, uncertainty surrounds our model for and 
estimates of recalled and unused MPA (2), and we did not 
carry the uncertainty surrounding the volume estimates for-
ward in our subsequent modeling. We also assumed that 
all MPA use ceased the day after the recall notice and that 
clinics using NECC MPA did not use MPA from other 
manufacturers. We know that some clinics used non-NECC 
MPA and that a few clinics ceased use before the recall 
date, while others extended use beyond that date; these ar-
eas of uncertainty could have resulted in higher or lower es-
timates for MPA injections averted than are presented here. 
Other areas of uncertainty include the choice of the log link 
function used in the Poisson regression model, which has 
a progressively stronger effect on model predicted values 
outside the time range of the observed data. Finally, uncer-
tainty exists in assigning responsible injections for patients 
with multiple procedures and in the parameter estimates in 
our Poisson modeling. A multiple simulation approach was 
used to capture uncertainty in these 2 areas and is expressed 
in the resulting ranges for our estimates of attack rates and 
cases averted. These multiple areas of uncertainty mean 
that the true number of injections, cases, and deaths averted 
might be higher or lower than our estimates.

This outbreak showed the devastating effect of con-
tamination in a widely used product designated for ster-
ile use. Public health actions, made possible by a strong  
existing public health infrastructure and rapid coordination 
among federal, state, and local partners, likely averted ad-
ditional exposures, cases, and deaths. Maintaining this in-
frastructure and these partnerships is essential to preserve 
public health agencies’ abilities to respond quickly and 
meaningfully to future public health emergencies.

Acknowledgments
We thank the many clinicians and federal, state, and local public 
health workers, all of whom devoted innumerable hours to this 
outbreak response and to the care of individuals affected by it. 
We also thank Robert M. Hoekstra for statistical guidance  
and feedback.

All funding and material support for this work was provided by 
the US Department of Health and Human Services and state and 
local health departments.

Dr. Smith is a medical epidemiologist in the Mycotic Diseases 
Branch, CDC. Her work focuses on emerging fungal diseases, 
fungal outbreaks, and prevention of cryptococcal disease among 
HIV-infected persons.

References
  1. Kainer MA, Reagan DR, Nguyen DB, Wiese AD, Wise ME,  

Ward J, et al. Fungal infections associated with contaminated  
methylprednisolone in Tennessee. N Engl J Med. 2012;367: 
2194–203. http://dx.doi.org/10.1056/NEJMoa1212972

  2. Smith RM, Schaefer MK, Kainer MA, Wise M, Finks J, Duwve J, 
et al. Fungal infections associated with contaminated methylpred-
nisolone injections. N Engl J Med. 2013;369:1598–1609. 

  3. Centers for Disease Control and Prevention. Multistate outbreak of 
fungal meningitis and other infections—resources for laboratories. 
2014 [cited 2015 Mar 31]. http://www.cdc.gov/HAI/outbreaks/
laboratory/index.html

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	21,	No.	6,	June	2015	 939

Figure 3. Sixty-day	case-fatality	rates	(line)	and	case	counts	
(bars)	by	week	of	diagnosis	for	meningitis	case-patients	among	
persons	injected	from	3	lots	of	methylprednisolone	acetate	
contaminated	with	the	fungus	Exserohilum rostratum,	United	
States,	2012.



RESEARCH

  4. Gunaratne PS, Wijeyaratne CN, Seneviratne HR. Aspergillus 
meningitis in Sri Lanka—a post-tsunami effect? N Engl J Med. 
2007;356:754–6. http://dx.doi.org/10.1056/NEJMc062547

  5. Centers for Disease Control and Prevention. Exophiala infection 
from contaminated injectable steroids prepared by a compounding 
pharmacyUnited States, July–November 2002. MMWR Morb 
Mortal Wkly Rep. 2002;51:1109–12.

  6. Centers for Disease Control and Prevention. Clinical guidance. 
2013 [cited 2013 July 29]. http://www.cdc.gov/hai/outbreaks/ 
clinicians/index.html#Guidance

  7. Centers for Disease Control and Prevention. Meningitis and stroke 
associated with potentially contaminated product. Health Alert 
Network 2012 [cited 2013 Jan 7]. http://emergency.cdc.gov/HAN/
han00327.asp

  8. Centers for Disease Control and Prevention. CDC and FDA joint 
telebriefing on investigation of meningitis outbreak. 2012  
[cited 2012 Oct 31]. http://www.cdc.gov/media/releases/2012/
t1004_meningitis_outbreak.html

  9. Centers for Disease Control and Prevention. Case definitions for 
meningitis and septic arthritis. 2012 [cited 2012 Nov 5]. http://www.
cdc.gov/hai/outbreaks/clinicians/casedef_multistate_outbreak.html

10. Centers for Disease Control and Prevention. Multi-state meningitis 
outbreak—current case count. 2013 [cited 2013 Aug 14].  
http://www.cdc.gov/hai/outbreaks/meningitis-map-large.html

11. Food and Drug Administration. Form 438 for New England  
Compounding Center. 2012 [cited 2015 March 30].  
http://www.fda.gov/downloads/AboutFDA/CentersOffices/ 
OfficeofGlobalRegulatoryOperationsandPolicy/ORA/ 
ORAElectronicReadingRoom/UCM325980.pdf 

12. Pettit AC, Kropski JA, Castilho JL, Schmitz JE, Rauch CA,  
Mobley BC, et al. The index case for the fungal meningitis 
outbreak in the United States. N Engl J Med. 2012;367:2119–25. 
http://dx.doi.org/10.1056/NEJMoa1212292

13. Kim MS, Kim HK, Kim JM, Choi CY. Comparison of contamina-
tion rates between preserved and preservative-free fluoroquinolone 
eyedrops. Graefes Arch Clin Exp Ophthalmol. 2013;251:817–24. 
http://dx.doi.org/10.1007/s00417-012-2152-z

Address for correspondence: Rachel M. Smith, Centers for Disease 
Control and Prevention, 1600 Clifton Road NE, Mailstop C09, Atlanta, 
GA 30329-4027, USA; email: vih9@cdc.gov

940	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	21,	No.	6,	June	2015

The Public Health Image Library (PHIL)
The Public Health Image 
Library (PHIL), Centers 
for Disease Control and 
Prevention, contains 
thousands of public health-
related images, including 
high-resolution (print quality) 
photographs, illustrations,  
and videos. 

PHIL collections illustrate current 
events and articles, supply visual 
content for health promotion 
brochures, document the 
effects of disease, and enhance 
instructional media.

PHIL Images, accessible to PC  
and Macintosh users, are in the 
public domain and available  
without charge. 

Visit PHIL at:  
http://phil.cdc.gov/phil


