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Abstract
Background  A thorough and systematic analysis of potential endotoxin-related safety issues from parenteral drugs and 
devices is important to ensure appropriate current Good Manufacturing Practices, compendial requirements, standards and 
regulatory guidance. Lately, the US Food and Drug Administration has been expecting pharmaceutical firms to apply an 
arbitrary safety factor to compendial compliant drug specifications for endotoxin, potentially causing manufacturing chal-
lenges, supply issues and additional unwarranted costs.
Objective  The aim of this study was to evaluate data from three disparate sources over an extended period of time, from 2008 
to 2021, to determine if there exists an industry-wide risk to patients from parenteral drugs and devices, thereby evaluat-
ing if changes to current Good Manufacturing Practices or compendial requirements are indeed warranted. Food and Drug 
Administration data from current Good Manufacturing Practices non-compliance observations, product recalls and the FDA 
Adverse Event Reporting System were used as the three sources of data.
Methods  Parenteral products were separated into drugs and devices, potential endotoxin-related patient safety issues were 
characterised in terms of the available non-compliance information, the type and number of product recalls, and the type 
and number of potential adverse events. Descriptive statistics in Microsoft Excel 2019 and Pivot tables were used for the 
analysis and presentation of the data.
Results  From 2011 to 2021, a total of 188 endotoxin-related current Good Manufacturing Practices compliance observa-
tions were recorded, 70% and 30% were associated with laboratory and manufacturing origins, respectively. Finished drug 
product testing accounted for 56% of these. In contrast, 95% of all endotoxin-related product recalls were associated solely 
with medical devices. Over the years 2008–2021, approximately 1.4% of all adverse events (23,663,780) were recorded 
with some reference to pyrexia (fever); however, there are sparse data categorically attributing this to the administration of 
parenteral drugs or devices or combinations of these possessing high levels of endotoxin.
Conclusions  Analysis of data concerning drug- and device-borne endotoxin obtained from FDA data from current Good 
Manufacturing Practices non-compliance observations, product recalls and the FDA Adverse Event Reporting System dem-
onstrated the absence of industry-wide issues with endotoxin contamination. Based upon these data, changes to current Good 
Manufacturing Practices and the compendial methodology of setting endotoxin specifications (and hence the compendial 
methodology of testing for endotoxins) are unwarranted.
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Key Points 

A systematic approach to evaluating patient safety risk 
from drug- and device-borne endotoxin will assist in the 
continuance of meaningful compendial requirements and 
regulations.

Analysis of current Good Manufacturing Practices non-
compliance observations, product recalls and potential 
endotoxin-related adverse events provided an evalua-
tion of patient safety. The analysis revealed that there 
are no industry-wide risks due to drug- or device-borne 
endotoxin.

Current modes of endotoxin manufacturing controls, 
current Good Manufacturing Practices and compendial 
methodology of setting endotoxin specifications (and 
hence the compendial methodology of testing for endo-
toxins) are sufficient to assure patient safety.

1  Introduction

Parenteral products include fluid injections, combinatorial 
products and implanted medical devices that are injected 
through the skin delivering a therapy into the vascular sys-
tem, organs or specific tissues. This route of administra-
tion requires the therapy to be sterile and free of levels of 
bacterial endotoxins that might jeopardise patient safety by 
eliciting a pyrogenic response [1]. Bacterial endotoxin is an 
exogenous pyrogen [2] and the most potent molecular com-
ponent of bacteria [3] known to induce inflammation and a 
concomitant cytokine-mediated increase in body tempera-
ture [4] (generally regarded as fever); thereby representing 
a potential patient safety risk.

All parenteral drug products and devices, administered 
by intravenous, intraventricular, intra-arterial, intra-articular, 
subcutaneous, intramuscular, intrathecal, intracisternal and 
intraocular routes, must possess an appropriate endotoxin 
limit specification to achieve marketing authorisation by 
health authorities. The ICH Q4B Annex 14 [5] provides the 
framework by which firms establish endotoxin specifica-
tions conforming to health authority (such as the US Food 
and Drug Administration [FDA]) expectations. Endotoxin 
specifications are established using a methodology detailed 
within the harmonised compendia, specifically chapter 
<85> of the US Pharmacopoeia (USP) [6]. If a drug prod-
uct label or package insert instructs the use of a specific 
diluent, reconstituting agent or administration vehicle, the 
contribution of endotoxin from this must also be accounted 

for during the calculation of the endotoxin specification limit 
for the finished drug product [7]. All lots of parenteral drug 
products are released to the market only by successfully 
completing a test for bacterial endotoxins using an assay 
conforming to the USP <85> [6]. In the USA, the Code of 
Federal Regulations (CFR) 21 CFR 211.160 [8] and 21 CFR 
211.165 [9] are the statutory regulations requiring parenteral 
drug products to possess appropriate written specifications, 
sampling and testing to assure conformance to endotoxin 
specification limits. Similarly, 21 CFRs 820.70 [10], 21 CFR 
820.250 [11] and USP <161> [12] are the equivalent legal 
and compendial requirements for medical devices. These 
regulations and standards have assured patient safety for 
decades through robust endotoxin specifications and testing 
compliant with compendial requirements.

Notwithstanding the history of parenteral drug and 
device patient safety, there have been recent reservations 
expressed by the FDA concerning the adequacy of the com-
pendial method of setting endotoxin limits, specifications 
and testing for endotoxins. In response to market license 
applications, the Center for Drug Evaluation and Research 
has requested firms add an arbitrary ‘safety factor’ to endo-
toxin specification limits [13]. Here, the safety factor is an 
additional numerical denominator of the drug product endo-
toxin specification; simply arbitrarily halving the specifi-
cation limit. In this context (sterile products), the issue is 
purely the presence of endotoxin representing residues of the 
Gram-negative outer cell membrane and not associated with 
viable cells. It is possible that safety factors are requested 
based upon a misperception of assay variability associated 
with the compendial standard test for endotoxins performed 
during release testing. Akers et al. [14] have detailed how 
the compendial method of setting endotoxin limits itself 
includes an inherent significant safety margin and the atten-
dant scientific explanations accounting for decades of patient 
safety. Despite this, the question remains ‘is there a genuine 
industry-wide problem with drug- and device-borne endo-
toxin (or combinations thereof) warranting a change to Good 
Manufacturing Practices (cGMPs) and the means of estab-
lishing endotoxin specifications?’

Until now, there has been limited documented analysis of 
empirical data objectively evaluating what (if any) patient 
endotoxin-related safety risk exists from inadequate cGMPs, 
finished drug product and device endotoxin specifications 
(or testing). The purpose of this study was to systemati-
cally evaluate data from three disparate database sources 
and establish a conclusion. These data sources are briefly 
introduced below:

1.	 FDA Form 483s: to assure conformance to the CFRs, 
the FDA performs periodic inspections of parenteral 
drug and medical device manufacturers under the instru-
ment of the Federal Food, Drug and Cosmetic Act Sec. 
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704 (21 USC §374) “Factory Inspection” [15]. Upon 
completion of the inspection, the FDA may issue Form 
FDA 483, which documents any non-conformance to 
the requisite regulations, essentially current cGMPs. 
These Form FDA 483 details are publicly available and 
provide a useful means of determining where violations 
to cGMPs may result in potential or developing areas of 
concern including endotoxin control, specifications and 
testing in parenteral manufacture.

2.	 FDA Recalls: where a marketed drug or medical device 
is considered to be in violation of the laws which the 
FDA administers, a recall of the items from the market 
occurs. All FDA-regulated product recalls are curated 
and their details available from the FDA enforcement 
website [16]. These data list and detail those products 
that have been recalled based upon a patient safety risk 
including risks associated with endotoxins. Accord-
ingly, they provide a second useful means of determin-
ing where there could be potential or developing areas 
of industry-wide concern in endotoxin control, specifica-
tions and testing in parenteral manufacture.

3.	 FDA Adverse Event Reporting System (FAERS): to 
continuously assess safety concerns related to marketed 
drug products and medical devices, the FDA maintains 
the FAERS [17]. Adverse events (AEs) are harmful 
outcomes when a patient receives medical care [18] 
inclusive of a procedure, surgery or administration of a 
therapy causing side effects, injury, psychological harm, 
trauma or death [19]. Adverse events are not uncommon 
occurrences with at least one in ten patients affected 
[20]; in the USA, over 250,000 patients will experience 
an AE per annum [21].

	   The FAERS is a publicly accessible database that 
contains AE reports, medication error reports and prod-
uct quality complaints that have been submitted to the 
FDA. The FAERS represents a comprehensive source of 
interrogatable data to evaluate patient safety risks. The 
FAERS curates all reported AEs, which include patient 
fevers attributable to a range of causes that potentially 
include drug- and medical device-borne pyrogens/bac-
terial endotoxins. It is essential to recognise that there 
exist numerous aetiologies for fever after administration 
of a parenteral drug. Fever is a consequence of inflam-
mation that may occur because of a malignancy, autoim-
mune disease, seizure, hyperthyroidism and myocardial 
infarction amongst other conditions [22]. Voluntary 
reports are submitted to the FDA by healthcare profes-
sionals (e.g. physicians, pharmacists, nurses), consumers 
(e.g. patients, family members, lawyers) and manufac-
turers and curated in the FAERS. If a drug or medical 
device manufacturer receives a report from a healthcare 
professional or consumer, they are required by statutory 
regulations 21 CFR 310.305 [23], 314.80 [24], 314.98 

[25], 600.80 [26] and 600.81 [27] to submit the report to 
the FDA. The FAERS provides a third useful instrument 
determining where there could be potential or develop-
ing areas of concern in endotoxin control, specifications 
and testing in parenteral manufacture.

2 � Methods

2.1 � Form FDA 483 Database and Datasets

Form FDA 483 data were obtained from Redica Systems 
[28]. Redica Systems is a quality regulatory intelligence 
platform that provides cloud-based data intelligence. The 
platform uses proprietary data sourcing and machine learn-
ing models, combined with purpose-built visualisations, for 
subscribing users to gain immediate access to actionable 
high-quality data analytics. Redica Systems data include 
information detailing the site of FDA inspection, country, 
FDA Center involved in the inspection, project area, inspec-
tors, inspection date, FDA listed issues and associated key-
words, and the observation text recorded in each Form FDA 
483. The observation text provides significant details con-
cerning each cGMP violation permitting a clear understand-
ing of the issue and representing a means of searching and 
screening relevant Form FDA 483s for endotoxin-related 
issues.

2.2 � Form FDA 483 Data Extraction 
and Categorisation

Form FDA 483s were acquired from 2011 up to and includ-
ing 2021 by performing an SQL query for observation text 
terms ‘endotoxin’, ‘contaminat’ (this ensured terms con-
taminant, contaminate and contamination were included) 
and ‘specification’. Data were downloaded into Microsoft® 
Excel. Each observation text was reviewed to check for rel-
evancy. To assist with evaluation and trending of the cGMP 
violations, each Form FDA 483 was additionally categorised 
using the following terms:

2.2.1 � Origin

Distinguishing between laboratory (including specification 
related), manufacturing and supplier sources of the cGMP 
violation.

2.2.2 � Classification

Describing high-level root cause including controls (labora-
tory and manufacturing), adequacy of testing and test data, 
adequacy of investigations, manufacturing issues, sufficiency 
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of risk assessment, specifications, training of personnel and 
validations.

2.2.3 � Product Type

Assigning a context to each record in terms of drug, device, 
test kit or active pharmaceutical ingredient related.

2.2.4 � Test Sample

Associating each cGMP violation with a specific material 
including but not limited to water, raw material, finished 
drug product and manufacturing equipment.

2.2.5 � Relevancy to Potential Endotoxin Quality Issues

Confirming the relevancy to endotoxin-related quality issues.

2.2.6 � Potential to Release a Product That Impacts Patients

Evaluating each cGMP violation’s potential to adversely 
affect patients.

2.3 � FDA Drug and Device Recalls

The FDA publishes data for all drug and device recalls. 
The FDA’s database for enforcement [16] reports all endo-
toxin-related drug and device recalls including all relevant 
information.

2.4 � Drug and Device Recalls Data Extraction

The FDA enforcement database was accessed, and all 
recalls associated with endotoxins acquired from 2012 up 
to and including 2021 by performing an SQL query. The 
SQL query used the text term ‘endotoxin’ segmented into 
drug, device and biologics and data were downloaded into 
Microsoft® Excel. These data were additionally categorised 
by the reason for the recall including exceeding specifica-
tion, failure of manufacturing controls, potential contamina-
tion from manufacturing and raw materials, and testing and 
failure to follow investigational requirements.

2.5 � FAERS Database and Datasets

The FAERS database provided the AE data for this study. 
The informatic structure of the FAERS database is highly 
interactive, web based, permits querying of drug and medi-
cal device safety data, and complies to the international 
safety reporting guidance per the International Conference 
on Harmonization [29].

The FAERS includes AE report information separated 
into 24 data columns capturing details that include the 

suspect product (drug or device), the reason for product 
administration, associated reactions, event date, patient age 
and weight, and the country where the event occurred. The 
reactions column provides significant details concerning the 
patient symptoms and categorisation into clinical diagno-
ses permitting an assessment of any potential drug- and/or 
device-borne endotoxin issues.

2.6 � FAERS Data Extraction

The FAERS database was accessed and AE data pertain-
ing to fevers acquired from 2008 up to and including 2021 
by performing an SQL query on all reports (serious reports 
and death). The SQL query used the text terms ‘pyrexia’, 
‘pyrexia infusion related’, ‘endotoxaemia’, ‘endotoxic 
shock’, ‘post procedural fever’ and ‘hyperpyrexia’ within 
the ‘reactions’ data column to obtain the relevant AE data. 
Data were downloaded into Microsoft® Excel.

2.7 � Statistical Analysis

Descriptive statistics in Microsoft Excel 2019 and pivot 
tables were used for the analysis and presentation of the 
data.

3 � Results

3.1 � Form FDA 483 Data

From 2011 to 2021, a total of 188 Form FDA 483 observa-
tions were generated from routine inspections of drug and 
device manufacturers associated with endotoxins (Table 1). 
Generally, most observations were associated with the labo-
ratory (70%) followed by manufacturing (30%) and rarely 
associated with suppliers (< 1%). Singularly, in 2018, there 
was a 5- to 13-fold increase in endotoxin-related Form FDA 
483s compared with other years inspectional observations. 
This abrupt increase in endotoxin-related observations, pri-
marily attributed to laboratory non-compliances, was not 
indicative of a progressive industry-wide increase in patient 
safety risks.

Classification distribution (the category of origin which 
the inspectional observation falls into) year to year over 
2011–2021 was generally consistent across the 14 different 
categories (Table 2). An exception occurred in 2019 where 
the total increase of Form FDA 483s was accompanied by 
increases in specific areas of classification. Those areas were 
investigations (inadequate or missing), laboratory testing 
Standard Operating Procedure (SOP) (inadequate for the 
sampling, storage and testing of samples), test data (missed 
testing or missing data), and inadequate or missing valida-
tions primarily for endotoxin testing (Table 2). Of the 188 
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Form FDA 483 observations, only one (0.5%) was due to 
inadequate specifications and eight (4.3%) were linked to 
product failing specifications.

Endotoxin-related Form FDA 483s segmented by classifi-
cation of the inspectional observation demonstrated an over-
whelming (56%) association with finished drug product test-
ing (Table 3). From year-to-year 2011–21, the majority of 
Form FDA 483s were consistently associated with finished 
drug product testing and seldom with devices (Table 4). The 

notable increase in endotoxin-related inspectional observa-
tions peculiar to 2019 were predominantly linked to the test-
ing of the finished drug product.

3.2 � Drug and Device Recalls

The FDA enforcement data displayed in Table 5 clearly 
show that recalls associated with endotoxins are a negli-
gible percentage of all recalls during 2012–2021. Of these 

Table 1   Endotoxin-related Form FDA 483s from October 2011 to October 2021 segmented by origin and compared to total numbers of Form 
FDA 483s and inspections

FDA Food and Drug Administration
a https://​www.​fda.​gov/​inspe​ctions-​compl​iance-​enfor​cement-​and-​crimi​nal-​inves​tigat​ions/​inspe​ction-​refer​ences/​inspe​ction-​obser​vatio​ns
b https://​datad​ashbo​ard.​fda.​gov/​ora/​cd/​inspe​ctions.​htm

Year Endotoxin-related 483s by origin Total 483s issueda Endotoxin-related 
483s as a percentage 
of total 483s (%)

Total inspections 
(including food 
related)b

Endotoxin-related 483s 
as a percentage of all 
inspections (%)Laboratory Manufacturing Supplier Total

2011 5 4 9 2364 0.4 20,095 0.04
2012 7 5 12 2375 0.5 19,962 0.06
2013 10 3 1 14 2340 0.6 17,434 0.08
2014 1 6 7 2116 0.3 16,632 0.04
2015 3 3 6 2120 0.3 16,681 0.04
2016 6 5 11 2022 0.5 17,142 0.06
2017 7 3 10 2114 0.5 17,891 0.06
2018 4 3 7 2003 0.3 17,870 0.04
2019 66 12 78 1963 4.0 16,136 0.48
2020 16 2 18 908 2.0 7840 0.23
2021 6 10 16 534 3.0 6458 0.25
Total 131 56 1 188 20,859 0.9 174,141 0.11

Table 2   Endotoxin-related Form FDA 483s from October 2011 to October 2021 segmented by the classification the inspectional observation 
falls into

CAPA corrective and preventative action plan, FDA Food and Drug Administration, SOP standard operating procedure

Classification Year Total

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

CAPA 1 1
Investigation 1 4 1 2 1 5 2 10 1 3 30
Laboratory controls 1 2 4 7
Laboratory testing SOP 1 2 1 1 2 3 15 7 2 34
Manufacturing controls 1 2 1 1 2 1 8
Manufacturing SOP 1 1
Risk analysis 1 1 2
Specifications 1 1
Data integrity 1 9 1 11
Test data 4 4 1 4 1 1 17 4 1 37
Data out of specification 3 1 1 3 8
Training 1 1
validation 2 2 7 2 3 2 1 16 5 7 47
Grand total 8 13 14 7 6 11 10 7 78 19 15 188

https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-references/inspection-observations
https://datadashboard.fda.gov/ora/cd/inspections.htm
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recalls, devices account for 95% (160). The majority of 
recalls were performed because the marketed items were 
determined to be potentially contaminated during manu-
facturing (Table 6).

The number of endotoxin-related drug and device 
recalls per year were generally consistent over the 10-year 
period of 2012–21, averaging 10–20 each year (Fig. 1). In 
2018, a total of 56 recalls were reported; 95% (53) were 
associated with devices and only two firms accounted for 
88% (49) of these. This demonstrated a remarkably simi-
lar pattern to FDA Form 483s over the same duration; 
however, the non-compliance observations spiked in 2019 
(Fig. 1).

3.3 � FAERS Data

Adverse event data germane to fevers acquired from 2008 
up to and including 2021 derived from the FAERS data-
base are summarised in Table 7. Of 23,663,780 total AE, 
326,921 (1.38%) could be attributed to adverse reactions 
that have been tagged with the term pyrexia in combina-
tion with many other reaction terms. The FAERS database 
contains > 1800 different combinations of reaction cat-
egories that include the term pyrexia and are indicative of 
pyrogenic responses linked to other causes of morbidity 
and not solely to drug- and medical device-borne bacte-
rial endotoxins. Additional SQL queries of the FAERS 
database were performed to help address this and used 
the six text terms ‘pyrexia’, ‘pyrexia infusion related’, 
‘endotoxemia’, ‘endotoxic shock’, ‘post procedural fever’ 
and ‘hyperpyrexia’ provided data, which are more repre-
sentative of AEs associated with endotoxins. Although this 
refinement of SQL queries helps to achieve a dataset that 
more closely represents fever from drug- and device-borne 
endotoxin, it still includes reported fever attributable to the 
numerous other causes [22]. The totals for each AE there-
fore represent a worst-case tally; these data are reported 
in Table 7 and detailed below.

Table 4   Endotoxin-related Form FDA 483s from October 2011 to October 2021 segmented by associated test sample

API active pharmaceutical ingredient, FDA Food and Drug Administration, NA not applicable

Test sample Year Grand total

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

API and raw material 2 1 1 2 2 2 1 11
Container, closure, component 1 3 4 1 1 1 1 4 2 2 20
Process intermediate 1 1 2 1 1 6
Finished drug product 4 5 6 2 2 5 6 4 56 12 3 105
Device 2 1 1 1 1 1 1 8
Manufacturing equipment 1 1 2 1 3 5 13
Laboratory (equipment, reagents) 1 1 1 3 1 1 8
Utilities 3 1 3 1 4 1 1 14
NA 3 3
Grand total 8 13 14 7 6 11 10 7 78 19 15 188

Table 5   Drug and device recalls 2012–2021

Product type Recalls Endotoxin-
related recalls

Endotoxin-related 
recalls as % of total 
recalls

Biologics 10,785 2 0.019
Drugs 15,437 7 0.045
Devices 28,010 160 0.571
Total 54,232 169 0.312

Table 6   Reasons for drug and 
device recalls 2012–2021

Reason for recall Product type

Biologics Drugs Devices Total

Exceeds specification 1 1 28 30
Failure of manufacturing controls 1 23 24
Failure to follow testing and investigation requirements 3 1 4
Failure to follow testing requirements 8 8
Potential contamination during manufacturing 1 2 91 94
Raw material contained high endotoxin 9 9
Total 2 7 160 169
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3.3.1 � Pyrexia

Pyrexia (otherwise known as fever) is an abnormal increase 
in body temperature. An adult’s normal body temperature 
ranges from 97 °F (36.1 °C) to 99 °F (37.2 °C) and generally, 
onset of fever is regarded as ≥ 100 °F (38.3 °C) in adults. 
The total AEs reported solely as ‘pyrexia’ represented 
< 0.07% of all AEs. Review of these identified that at least 
59% (9390) had sufficient information to categorically asso-
ciate these cases of pyrexia with an illness or pre-existing 
condition. Therefore, the adjusted total of pyrexia reports of 
6435 represents < 0.03% of all AEs.

3.3.2 � Infusion‑Related Pyrexia

Infusion-related pyrexia (distinct from transfusion pyrexia 
[30]) is a fever experienced by patients during the infusion of 
a therapy occurring on the first day of drug administration; 
appearing most frequently 10 minutes to 4 hours after the 
start of administration. There were 30 total cases reported 
as infusion-related pyrexia representing < 0.01% of the total 

AEs. Of these, 29 (97%) appear associated with an illness or 
pre-existing condition that could cause a febrile response.

3.3.3 � Endotoxemia

Endotoxemia is clinically manifested as the presence of 
endotoxin within the blood and most usually associated with 
infection or pre-existing conditions. The occurrence of endo-
toxemia is extremely rare (0.00008%), although almost 50% 
of all reported cases resulted in mortality. From the FAERS 
data, eight of a total of 20 reported AE cases were associated 
with administration of the intravenous sedative propofolol, 
a drug that has been associated with fevers, chills and body 
aches but not necessarily associated with microbial contami-
nation or endotoxins in the finished drug product [31].

3.3.4 � Endotoxic Shock

Endotoxic shock is primarily associated with sepsis and sep-
tic shock induced by release of endotoxin into the blood-
stream. The clinicopathology of endotoxic shock suggests 
that the FAERS data are not relevant to an assessment of 

Fig. 1   Endotoxin-related drug 
(including biologics) and device 
recalls compared to Food and 
Drug Administration (FDA) 
Form 483s 2012–2021

Table 7   Analysis of the adverse 
events from the FDA Adverse 
Event Reporting System based 
upon search term from 2008 to 
December 2021

Values in square brackets are the number of events for each specific reaction term as a percentage of all 
reaction terms

Search reaction term Total reports Serious reports Death reports

All adverse event reaction terms 23,663,780 13,219,628 2,240,339
Pyrexia (in combination with other 

reaction terms)
326,921 [1.3815%] 266,122 [2.0131%] 6233 [0.2782%]

Pyrexia 15,824 [0.06687%] 9496 [0.07183%] 207 [0.00924%]
Pyrexia infusion related 30 [0.00013%] 18 [0.00014%] 0 [0%]
Endotoxemia 20 [0.00008%] 20 [0.00015%] 9 [0.00004%]
Endotoxic shock 96 [0.00040%] 95 [0.00072%] 48 [0.00214%]
Post-procedural fever 435 [0.00184%] 401 [0.00303%] 32 [0.00143%]
Hyperpyrexia 3123 [0.01320%] 3079 [0.02329%] 467 [0.02085%]
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iatrogenic pyrexia caused by the administration of drugs and 
devices contaminated with endotoxin. Furthermore, the very 
rare percentage (0.00040%) of total AEs would suggest no 
association with drugs or devices.

3.3.5 � Post‑Procedural Fever

Post-procedural fever, also known as postoperative fever, is 
defined as a temperature higher than 38 °C (100.4 °F) on 2 
consecutive postoperative days or higher than 39 °C (102.2 
°F) on any postoperative day. Many parenterally adminis-
tered drugs are known to cause fever in patients (see below); 
however, there are no reports to our knowledge linking this 
phenomenon with endotoxin levels associated with drugs or 
indwelling medical devices. The total cases of patient reac-
tions reported as post-procedural fever represent <0.01% 
of total AEs.

3.3.6 � Hyperpyrexia

Hyperpyrexia is the extreme elevation of the body tempera-
ture (>41.5 °C, >106.7 °F) and mostly associated with viral 
or bacterial infection. The severity of hyperpyrexia would 
argue that this phenomenon could not be solely induced by 
drugs or medical devices containing and contributing a high 
level of endotoxin. The total AEs reported solely as ‘hyper-
pyrexia’ represent <0.02% of all AEs.

4 � Discussion

It is a reasonable assumption that any sign of significant 
inadequacies in the control, specifications and testing of 
drugs and devices for endotoxins would be reflected in Form 
FDA 483 observation data. Endotoxin-related cGMP non-
compliances represent a very small percentage of all Form 
FDA 483 observations; furthermore, there are no apparent 
increasing trends in the quantity or specific types over the 
11 years of analysis from 2011 to 2021. Non-compliance 
data and reports are suggestive that there is no patient safety 
risk associated with the establishment of drug and device 
endotoxin specifications per the compendial methodology. 
The noteworthy increase in endotoxin-related Form FDA 
483 observations solely in 2019 is not easily explicable as no 
prior signal in cGMP non-compliances are evident. In recent 
years, the FDA has augmented its traditional inspectional 
processes with remote inspection practices. These conceiv-
ably might bias areas of focus; however, these practices were 
not embraced until after 2019. The increase in endotoxin-
related device recalls in 2018 may have been the trigger for 
increased inspectional scrutiny in 2019, although inspec-
tional observation data illustrate an emphasis on finished 
drugs and drug product testing rather than manufacturing 

controls. Significantly, the remarkable increase in Form 
FDA 483 observations in 2018, primarily associated with 
finished drugs is not accompanied by an increase in drug 
recalls in 2018 or beyond. Over the 10-year period of assess-
ment (2012–2021), devices constitute 95% of all recalls with 
inadequate prevention of contamination or failed manufac-
turing controls accounting for these. All recalls data suggest 
no evidence of endotoxin-related issues with the finished 
drug product but rather device manufacturing firms recalling 
products in the absence of any cGMP inspectional obser-
vation trends. It might be argued that there appears some 
incongruity in the absence of FDA inspectional efforts (or at 
least Form FDA 483 observations data) focused on finished 
drug products, and the predominance of recalls associated 
with devices.

In terms of AEs, the phenomenon of fever can originate 
from a range of disparate physiological, metabolic and 
infectious sources. Although fever is regarded as a reliable 
hallmark of disease, it is no longer attributed to pathophysi-
ological phenomena but is recognised as a generalised stress 
response [32]. Although the attribution of pyrexia solely and 
unequivocally to parenteral and medical devices contami-
nated with endotoxin is erroneous, any fevers due to drug- 
and device-related endotoxin is ensconced within pyrexia 
AE data. The complexity that fever is a general stress 
response may offer some explanation of the ambiguity to 
the exact cause of a reported fever. Infusion-related pyrexia 
is only one of many infusion-related reactions, which may 
be experienced during infusion of a drug [33]. Monoclonal 
antibodies are commonly associated with infusion-related 
reactions; however, if infusion-related reactions are encoun-
tered, they are very rarely fever alone, but rather one of a 
constellation of simultaneous reactions [33]. This likely 
provides a means of clinical distinction between infusion-
related pyrexia due to a patient’s reaction to the therapeutic 
molecule and pyrexia induced by the presence of endotoxins; 
only a single infusion-related pyrogenic AE appears iatro-
genic. Although propofolol is a drug that has been associated 
with fevers, chills and body aches, these appear associated 
with inadequate and lax aseptic handling of opened drug 
containers [34]. The propofolol example serves to illustrate 
a very important point in that drug-related endotoxins are 
more likely due to inadequate controls in handling parenteral 
drugs in the clinic or at the bedside. Post-procedural fever is 
widely acknowledged as associated with pulmonary condi-
tions, infections (e.g. urinary tract, surgical-site infections), 
deep-vein thrombosis, withdrawal from drugs, endocrine 
causes or drugs [35]. Again, the FAERS data are not indica-
tive of drug- or device-associated pyrexia.

Pyrexia of unknown origin (PUO) is not a reaction 
category in the FAERS database, the phenomenon could 
be captured within several of the reaction categories and 
therefore deserves due consideration. The phenomenon 
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of PUO dates back to 1961; it was described as a persis-
tent fever above 100 °F (38.3 °C) that evades diagnosis 
for at least 3 weeks, including 1 week of investigation in 
hospital [36]. The causes of PUO can be considered in 
four categories: infective, inflammatory, neoplastic and 
miscellaneous. The relative prominence of each category 
has changed over time, with an increasing proportion of 
patients who remain undiagnosed, which may be up to 
51% of cases [37]. Infectious causes account for 17–35% 
of cases, inflammatory causes 24–36%, neoplastic causes 
10–20% and miscellaneous causes 3–15% [38].

Fernandez and Beeching [39] have categorised the 
non-infectious sources of PUO and includes in this group 
a miscellaneous origin that includes ‘drug fever’. These 
authors state that drug fever is an under-recognised cause 
of PUO, particularly in the elderly. Drug fever can occur 
at any time after starting a therapy (including several 
months later), but usually begins 7–10 days after starting 
a medication [40]. Drug-associated fever can be diag-
nosed by discontinuing the therapy; if fever persists for 
more than 96 hours after its discontinuation, then the 
suspected drug is unlikely to be the cause [41]. Many 
classes of medications can cause fever through differ-
ent mechanisms including antibiotics, anticholinergics, 
non-steroidal anti-inflammatory drugs, allopurinol, anti-
convulsants, anti-hypertensives, anti-arrhythmic agents 
and antidepressants. Remarkably, many authors [42, 43] 
do not identify the contamination of therapies or associ-
ated medical devices with endotoxin as candidates for 
PUO. Furthermore, the onset timing of pyrexia would not 
be consistent with the introduction of endotoxins from 
medications or indwelling devices. Based upon these 
data, PUO are most likely not due to the cumulative con-
tribution of endotoxin from simultaneously administered 
drug products and devices, nor inappropriate endotoxin 
specifications. Yatabe et al. [44] commented on the drug 
fever case study associated with the intravenous seda-
tive propofol arguing “Propofol-induced drug fever must 
be considered in cases of fever of unknown origin when 
patients receive propofol and appear inappropriately well 
for the degree of fever that they have”. The same rea-
soning might be applied for any medication or medical 
device. Applying Yatabe et al.’s reasoning that pyrexia 
with limited or no other adverse manifestations is attribut-
able to ‘drug fever’ supports this evaluation of AEs solely 
based upon pyrexia.

5 � Strengths and Limitations

Although data reported through accessible Form FDA 
483 observations documents a formal non-compliance as 
interpreted by the FDA, these reports fail to identify all 

potential endotoxin-related issues. This is somewhat due to 
the variability of interpretation and the FDA inspectional 
practices.

Even though reasonably comprehensive, the FAERS 
suffers limitations that include (but are not limited to) 
the absence of data verification, incomplete data, dupli-
cated information and limitations on establishing causal-
ity. Although it is incumbent upon healthcare providers 
to report AEs, it has been estimated that up to 90% in 
clinical practice are unreported [45]. The FAERS data do 
not permit the unequivocal categorisation of fever-related 
AEs solely to drug- and device-borne endotoxin. The data 
do however include drug- or device-related endotoxin 
fevers and therefore the data represent a worst case set of 
information.

6 � Conclusions

Evaluation of the contention that finished drug prod-
uct- and device-borne endotoxin (and concomitantly the 
compendial method of establishing endotoxin specifi-
cation limits) represents a tangible patient safety risk 
demands the assessment of data from multiple and dispa-
rate sources. Here, the triumvirate analysis of industry’s 
compliance to associated regulations (derived from FDA 
inspectional data), the extent of product recalls associ-
ated with endotoxins coupled with AE data represented 
such an assessment. Based on the available data, and not-
withstanding the stated limitations, there appears few data 
substantiating wide pyrogenic responses from drug- and 
device-borne endotoxins post hoc to their administration.

In 2000, a report estimated that 16 billion injections 
were administered per annum in developing countries [46]. 
It would not be unrealistic to estimate the administration 
of 1 billion parenteral drugs administered in the USA over 
14 years. As a worst case, assuming that all reported pyro-
genic AEs (15,824) were due to drug- and device-borne 
endotoxin, this would equate to an AE rate of 70 in every 
million parenteral administrations. This would be regarded 
as very rare.

The provision of safe parenteral drugs and devices 
is fundamentally reliant upon cGMP controls and tests 
founded upon sound scientific principles. Deviation from 
this in the application of controls and tests that are in good 
faith aimed at further reducing patient safety risk yet are 
arbitrary in nature removes the further principled conti-
nuity of improvement. Considering the data herein, there 
appears no basis to any industry-wide patient safety risk 
from drug- or device-borne endotoxins, means of estab-
lishing specification or compendial test methodology. This 
would seem to corroborate the work of Pearson [47] who 
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demonstrated through numerous studies that there exists 
at least an eight-fold safety margin within the compendial 
methods of specification setting and testing. Nevertheless, 
opportunities do exist for principle-based improvements 
such as the use of a statistical basis of body weights in 
establishing endotoxin specifications, a contemporary 
review of newer innovative medical devices and a focused 
effort on endotoxin control during parenteral manufacture.

Declarations 

Funding  No funding was received for the preparation of this study.

Conflicts of interest/competing interests  The author declares no con-
flicts of interest that are directly relevant to the content of this study. 
Edward C. Tidswell is a member of the USP, General Chapters-Micro-
biology Expert Committee.

Ethics approval  Ethics approval was not needed for this study.

Consent to participate  No patient approval or consent was needed for 
this study.

Consent for publication  No patient approval or consent was needed 
for this study.

Availability of data and material  Datasets concerning drug and device 
recalls and AEs in this article are publicly available and can be obtained 
through the following sources: FDA Enforcement Reports (drug and 
device recalls): https://​www.​fda.​gov/​safety/​recal​ls-​market-​withd​rawals-​
safety-​alerts/​enfor​cement-​repor​ts; FAERS: https://​www.​fda.​gov/​drugs/​
quest​ions-​and-​answe​rs-​fdas-​adver​se-​event-​repor​ting-​system-​faers/​fda-​
adver​se-​event-​repor​ting-​system-​faers-​public-​dashb​oard. Datasets con-
cerning Form FDA 483 observations (cGMP non-compliance observa-
tions) for this article are not publicly available because they are part 
of a fee-paying services provided by Redica Systems and are available 
from the corresponding author on reasonable request.

Code availability  Not applicable.

Author contributions  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 USP <1> injections and implanted drug products (parenterals): 
product quality tests. USPNF 2022 Issue 2.

	 2.	 Dinarello CA. Infection, fever, and exogenous and endogenous 
pyrogens: some concepts have changed. J Endotoxin Res. 
2014;10:201–22.

	 3.	 Heumann D, Roger T. Initial responses to endotoxins and gram-
negative bacteria. Clin Chim Acta. 2002;323:59–72.

	 4.	 Dalal S, Zhukovsky DS. Pathophysiology and management of 
fever. J Support Oncol. 2006;4(1):9–16.

	 5.	 ICH Q14 Annex 14. Evaluation and recommendation of phar-
macopoeia texts for us in ICH regions on bacterial endotoxins 
test general chapter. 2012. https://​www.​ich.​org/​page/​quali​ty-​
guide​lines. Accessed 31 Jan 2023.

	 6.	 USP <85> bacterial endotoxins test. USPNF 2022 Issue 2.
	 7.	 Von Wintzingerode F, Parker S, Seipert, R, Vhen T, Knight 

M, Gianinazzi C, et al. Setting endotoxin acceptance criteria 
for biologics intravenous (IV) and subcutaneous (SC) mono- 
and combination therapies. Am Pharm Rev. 2018;Endotoxin 
Suppl.:18–21.

	 8.	 Code of Federal Regulations. Title 21. Part 211. Current good 
manufacturing practice for finished pharmaceuticals. Subpart 
I: laboratory controls. 160 General requirements. 2022. https://​
www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​apter-C/​part-​211/​
subpa​rt-I/​secti​on-​211.​160. Accessed 31 Jan 2023.

	 9.	 Code of Federal Regulations. Title 21. Part 211. Current good 
manufacturing practice for finished pharmaceuticals. Subpart 
I: laboratory controls. 165 Testing and release for distribution. 
2022. https://​www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​
apter-C/​part-​211/​subpa​rt-I/​secti​on-​211.​165. Accessed 31 Jan 
2023.

	10.	 Code of Federal Regulations. Title 21. Part 820. Quality system 
regulation. Subpart G: production and process controls. 70 pro-
duction and process controls. 2022. https://​www.​ecfr.​gov/​curre​nt/​
title-​21/​chapt​er-I/​subch​apter-H/​part-​820/​subpa​rt-G/​secti​on-​820.​
70. Accessed 31 Jan 2023.

	11.	 Code of Federal Regulations. Title 21. Part 820. Quality system 
regulation. Subpart O: statistical techniques. 250 Statistic tech-
niques. 2022. https://​www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​
subch​apter-H/​part-​820/​subpa​rt-O/​secti​on-​820.​250. Accessed 31 
Jan 2023.

	12.	 USP <161> medical devices: bacterial endotoxin and pyrogens 
tests. USPNF 2022 Issue 2.

	13.	 US FDA. https://​www.​acces​sdata.​fda.​gov/​drugs​atfda_​docs/​nda/​
2016/​76103​3Orig​1s000​MicroR.​pdf. Accessed 31 Jan 2023.

	14.	 Akers JE, Duguid J, Guilfoyle DE, Hussong D, McCullough K, 
Tirumalai R. Will a proposed reduction in endotoxins limits for 
drugs and biologics improve patient safety? Am Pharm Rev. 2022. 
(In press).

	15.	 US FDA. Federal Food, Drug, and Cosmetic Act (FD&C Act). 
U.S. Department of Health and Human Services. 2022. https://​
www.​fda.​gov/​regul​atory-​infor​mation/​laws-​enfor​ced-​fda/​feder​al-​
food-​drug-​and-​cosme​tic-​act-​fdc-​act. Accessed 31 Jan 2023.

	16.	 US FDA. Enforcement reports. 2022. https://​www.​fda.​gov/​safety/​
recal​ls-​market-​withd​rawals-​safety-​alerts/​enfor​cement-​repor​ts. 
Accessed 31 Jan 2023.

	17.	 US FDA. FDA Adverse Event Reporting System (FAERS) Pub-
lic Dashboard. https://​www.​fda.​gov/​drugs/​quest​ions-​and-​answe​
rs-​fdas-​adver​se-​event-​repor​ting-​system-​faers/​fda-​adver​se-​event-​
repor​ting-​system-​faers-​public-​dashb​oard. Accessed 31 Jan 2023.

	18.	 Voskanyan YV. Safety of patients and adverse events related 
thereto in medicine. Angiol Sosud Khir. 2018;24(4):11–7.

	19.	 Boulanger J, Keohane C, Yeats A. Role of patient safety organi-
zations in improving patient safety. Obstet Gynecol Clin N Am. 
2019;46(2):257–67.

	20.	 de Vries EN, Ramrattan MA, Smorenburg SM, Gouma DJ, 
Boermeester MA. The incidence and nature of in-hospital 
adverse events: a systematic review. Qual Saf Health Care. 
2008;17(3):216–23.

https://www.fda.gov/safety/recalls-market-withdrawals-safety-alerts/enforcement-reports
https://www.fda.gov/safety/recalls-market-withdrawals-safety-alerts/enforcement-reports
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ich.org/page/quality-guidelines
https://www.ich.org/page/quality-guidelines
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-I/section-211.160
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-I/section-211.160
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-I/section-211.160
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-I/section-211.165
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-I/section-211.165
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820/subpart-G/section-820.70
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820/subpart-G/section-820.70
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820/subpart-G/section-820.70
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820/subpart-O/section-820.250
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-820/subpart-O/section-820.250
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/761033Orig1s000MicroR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/761033Orig1s000MicroR.pdf
https://www.fda.gov/regulatory-information/laws-enforced-fda/federal-food-drug-and-cosmetic-act-fdc-act
https://www.fda.gov/regulatory-information/laws-enforced-fda/federal-food-drug-and-cosmetic-act-fdc-act
https://www.fda.gov/regulatory-information/laws-enforced-fda/federal-food-drug-and-cosmetic-act-fdc-act
https://www.fda.gov/safety/recalls-market-withdrawals-safety-alerts/enforcement-reports
https://www.fda.gov/safety/recalls-market-withdrawals-safety-alerts/enforcement-reports
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard


76	 E. C. Tidswell 

	21.	 Anderson JG, Abrahamson K. Your health care may kill you: 
medical errors. Stud Health Technol Inform. 2017;234:13–7.

	22.	 DeWitt S, Chavez SA, Perkins J, Long B, Koyfman A. Evalu-
ation of fever in the emergency department. Am J Emerg Med. 
2017;35(11):1755–8. https://​doi.​org/​10.​1016/j.​ajem.​2017.​08.​030.

	23.	 Code of Federal Regulations. Title 21. Part 310. New drugs. Sub-
part D: records and reports. 305 Records and reports concern-
ing adverse drug experiences on marketed prescription drugs for 
human use without approved new drug applications. 2022. https://​
www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​apter-D/​part-​310/​
subpa​rt-D/​secti​on-​310.​305. Accessed 31 Jan 2023.

	24.	 Code of Federal Regulations. Title 21. Part 314. Applications for 
FDA approval to market a new drug. Subpart B: applications. 
80 Postmarketing reporting of adverse drug experiences. 2022. 
https://​www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​apter-D/​part-​
314/​subpa​rt-B/​secti​on-​314.​80. Accessed 31 Jan 2023.

	25.	 Code of Federal Regulations. Title 21. Part 314. Applications for 
FDA approval to market a new drug. Subpart C: abbreviated appli-
cations. 98 Postmarketing reports of adverse drug experiences. 
2022. https://​www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​apter-
D/​part-​314/​subpa​rt-C/​secti​on-​314.​98. Accessed 31 Jan 2023.

	26.	 Code of Federal Regulations. Title 21. Part 600. Biological prod-
ucts: general. Subpart D: reporting adverse experiences. 80 Post-
marketing reporting of adverse experiences. 2022. https://​www.​
ecfr.​gov/​curre​nt/​title-​21/​chapt​er-I/​subch​apter-F/​part-​600/​subpa​
rt-D/​secti​on-​600.​80. Accessed 31 Jan 2023.

	27.	 Code of Federal Regulations. Title 21. Part 600. Biological prod-
ucts: general. Subpart D: reporting adverse experiences. 81 Distri-
bution reports. 2022. https://​www.​ecfr.​gov/​curre​nt/​title-​21/​chapt​
er-I/​subch​apter-F/​part-​600/​subpa​rt-D/​secti​on-​600.​81. Accessed 
31 Jan 2023.

	28.	 Redica Systems. A simplified path to regulatory compliance. 
https://​redica.​com. Accessed 31 Jan 2023.

	29.	 Information paper regarding the use of ISO IDMP standards in 
E2B(R3) messages. 2021. Extension.  https://​admin.​ich.​org/​sites/​
defau​lt/​files/​inline-​files/​ICH_​E2B%​28R3%​29_​EWGIWG_​Infor​
mation_​Paper_​IDMP_​Use_​in_​E2B%​28R3%​29_​Messa​ges_​Final_​
2021_​0617_0_​1.​pdf. Accessed 31 Jan 2023.

	30.	 Arewa OP. Evaluation of transfusion pyrexia: a review of dif-
ferential diagnosis and management. ISRN Hematol. 2012;2012: 
524040. https://​doi.​org/​10.​5402/​2012/​524040.

	31.	 US FDA. Propofol (marketed as Diprivan and as generic products) 
information. https://​www.​fda.​gov/​drugs/​postm​arket-​drug-​safety-​
infor​mation-​patie​nts-​and-​provi​ders/​propo​fol-​marke​ted-​dipri​van-​
and-​gener​ic-​produ​cts-​infor​mation. Accessed 31 Jan 2023.

	32.	 Bartfai T, Conti B. Fever. Sci World J. 2010;10:490–503. https://​
doi.​org/​10.​1100/​tsw.​2010.​50.

	33.	 Cáceres MC, Guerrero-Martín J, Pérez-Civantos D, Palomo-López 
P, Delgado-Mingorance JI, Durán-Gómez N. The importance of 

early identification of infusion-related reactions to monoclonal 
antibodies. Ther Clin Risk Manage. 2019;15:965–77. https://​doi.​
org/​10.​2147/​TCRM.​S2049​09.

	34.	 Zorrilla-Vaca A, Arevalo JJ, Escandón-Vargas K, Soltanifar 
D, Mirski MA. Infectious disease risk associated with con-
taminated propofol anesthesia, 1989–2014. Emerg Infect Dis. 
2016;22(6):981–92. https://​doi.​org/​10.​3201/​eid22​06.​150376.

	35.	 Maday KR, Hurt JB, Harrelson P, Porterfield J. Evaluating postop-
erative fever. J Am Acad Phys Assist. 2016;29(10):23–8. https://​
doi.​org/​10.​1097/​01.​JAA.​00004​96951.​72463.​de.

	36.	 Petersdorf RG, Beeson PB. Fever of unexplained origin: report on 
100 cases. Medicine (Baltimore). 1961;40:1–30.

	37.	 Bleeker-Rovers CP, Vos FJ, de Kleijn EMHA, Mudde AH, Dof-
ferhoff TSM, Richter C, et al. A prospective multicenter study 
on fever of unknown origin: the yield of a structured diagnostic 
protocol. Medicine (Baltimore). 2007;86(1):26–38. https://​doi.​
org/​10.​1097/​MD.​0b013​e3180​2fe858.

	38.	 Beresford RW, Gosbell IB. Pyrexia of unknown origin: causes, 
investigation and management. Intern Med J. 2016;46(9):1011–6. 
https://​doi.​org/​10.​1111/​imj.​13180.

	39.	 Fernandez C, Beeching NJ. Pyrexia of unknown origin. Clin Med. 
2018;18(2):170–4. https://​doi.​org/​10.​7861/​clinm​edici​ne.​18-2-​170.

	40.	 Tabor PA. Drug-induced fever. Drug Intell Clin Pharm. 
1986;20(6):413–20. https://​doi.​org/​10.​1177/​10600​28086​02000​
601.

	41.	 Todd S, Beeching NJ. Fever of unknown origin. In: Gosney M, 
Harper A, Conroy S, editors. The Oxford desk reference: geriatric 
medicine. Oxford: OUP; 2012. p. 247–9.

	42.	 Wright WF, Auwaerter PG. Fever and fever of unknown origin: 
review, recent advances, and lingering dogma. Open Forum Infect 
Dis. 2020;7(5):132. https://​doi.​org/​10.​1093/​ofid/​ofaa1​32.

	43.	 Haidar G, Singh N. Fever of unknown origin. N Engl J Med. 
2022;386(5):463–77. https://​doi.​org/​10.​1056/​NEJMr​a2111​003.

	44.	 Yatabe T, Yamashita K, Yokoyama M. Drug fever caused by 
propofol in the intensive care unit. J Anesth. 2015;29(5):786–9. 
https://​doi.​org/​10.​1007/​s00540-​015-​2007-y.

	45.	 Mockute R, Desai S, Perera S, Assuncao B, Danysz K, Tetarenko 
N, et al. Artificial intelligence within pharmacovigilance: a means 
to identify cognitive services and the framework for their valida-
tion. Pharm Med. 2019;33(2):109–20.

	46.	 Hutin YJ, Hauri AM, Armstrong GL. Use of injections in health-
care settings worldwide, 2000: literature review and regional esti-
mates. BMJ. 2003;327(7423):1075. https://​doi.​org/​10.​1136/​bmj.​
327.​7423.​1075.

	47.	 Pearson FC. A comparison of the pyrogenicity of environmental 
endotoxins and lipopolysaccharides. In: ten Cate JW, Buller HR, 
Sturk A, Levin J, editors. Bacterial endotoxins: structure, biomedi-
cal significance and detection with the limulus amebocyte lysate 
test. New York (NY): Alan R. Liss Inc; 1985. p. 251–63.

https://doi.org/10.1016/j.ajem.2017.08.030
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-310/subpart-D/section-310.305
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-310/subpart-D/section-310.305
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-310/subpart-D/section-310.305
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-314/subpart-B/section-314.80
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-314/subpart-B/section-314.80
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-314/subpart-C/section-314.98
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D/part-314/subpart-C/section-314.98
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-600/subpart-D/section-600.80
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-600/subpart-D/section-600.80
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-600/subpart-D/section-600.80
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-600/subpart-D/section-600.81
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-600/subpart-D/section-600.81
https://redica.com
https://admin.ich.org/sites/default/files/inline-files/ICH_E2B%28R3%29_EWGIWG_Information_Paper_IDMP_Use_in_E2B%28R3%29_Messages_Final_2021_0617_0_1.pdf
https://admin.ich.org/sites/default/files/inline-files/ICH_E2B%28R3%29_EWGIWG_Information_Paper_IDMP_Use_in_E2B%28R3%29_Messages_Final_2021_0617_0_1.pdf
https://admin.ich.org/sites/default/files/inline-files/ICH_E2B%28R3%29_EWGIWG_Information_Paper_IDMP_Use_in_E2B%28R3%29_Messages_Final_2021_0617_0_1.pdf
https://admin.ich.org/sites/default/files/inline-files/ICH_E2B%28R3%29_EWGIWG_Information_Paper_IDMP_Use_in_E2B%28R3%29_Messages_Final_2021_0617_0_1.pdf
https://doi.org/10.5402/2012/524040
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/propofol-marketed-diprivan-and-generic-products-information
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/propofol-marketed-diprivan-and-generic-products-information
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/propofol-marketed-diprivan-and-generic-products-information
https://doi.org/10.1100/tsw.2010.50
https://doi.org/10.1100/tsw.2010.50
https://doi.org/10.2147/TCRM.S204909
https://doi.org/10.2147/TCRM.S204909
https://doi.org/10.3201/eid2206.150376
https://doi.org/10.1097/01.JAA.0000496951.72463.de
https://doi.org/10.1097/01.JAA.0000496951.72463.de
https://doi.org/10.1097/MD.0b013e31802fe858
https://doi.org/10.1097/MD.0b013e31802fe858
https://doi.org/10.1111/imj.13180
https://doi.org/10.7861/clinmedicine.18-2-170
https://doi.org/10.1177/106002808602000601
https://doi.org/10.1177/106002808602000601
https://doi.org/10.1093/ofid/ofaa132
https://doi.org/10.1056/NEJMra2111003
https://doi.org/10.1007/s00540-015-2007-y
https://doi.org/10.1136/bmj.327.7423.1075
https://doi.org/10.1136/bmj.327.7423.1075

	A Nontrivial Analysis of Patient Safety Risk from Parenteral Drug- and Medical Device-Borne Endotoxin
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Form FDA 483 Database and Datasets
	2.2 Form FDA 483 Data Extraction and Categorisation
	2.2.1 Origin
	2.2.2 Classification
	2.2.3 Product Type
	2.2.4 Test Sample
	2.2.5 Relevancy to Potential Endotoxin Quality Issues
	2.2.6 Potential to Release a Product That Impacts Patients

	2.3 FDA Drug and Device Recalls
	2.4 Drug and Device Recalls Data Extraction
	2.5 FAERS Database and Datasets
	2.6 FAERS Data Extraction
	2.7 Statistical Analysis

	3 Results
	3.1 Form FDA 483 Data
	3.2 Drug and Device Recalls
	3.3 FAERS Data
	3.3.1 Pyrexia
	3.3.2 Infusion-Related Pyrexia
	3.3.3 Endotoxemia
	3.3.4 Endotoxic Shock
	3.3.5 Post-Procedural Fever
	3.3.6 Hyperpyrexia


	4 Discussion
	5 Strengths and Limitations
	6 Conclusions
	References




