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1.0 Introduction

The LAL assay for bacterial endotoxin testing has undergone
many changes in recent decades and will continue to do so. From
the initial discovery of LAL and gel clot qualitative reagents to the
addition of chromogenic substrates for quantitative reagents to
enhance the test measurements, the test has developed. Howev-
er, not allimprovements have been realized. Endotoxin testing is
now facing some of its greatest challenges. However, challenges
lead to further opportunities for growth and development [1].
This discussion will look at a few challenges facing endotoxin test-
ing along with the opportunities that have arisen to meet those
challenges.

2.0 Challenges

The first current challenge to endotoxin testing is the supply of
materials and conservation of resources. The primary reagent
used for Bacterial Endotoxin Testing is Limulus Amoebocyte Ly-
sate (LAL) or Tachypleus Amoebocyte Lysate (TAL). This reagent
is derived from a natural source, the hemolymph of either the
Atlantic Horseshoe Crab (Limulus polyphemus) or Chinese Horse-
shoe Crab (Tachypleus tridentatus). Fishing has done much to
reduce both populations. The Limulus population has nearly re-
turned to its previous levels. Although exact numbers are hidden
due to confidential data, the estimated Atlantic Horseshoe Crab
population has steadily increased steadily since 2002 [2]. Howev-
er, the Tachypleus population continues to decrease. Since the
1990s, the annual harvest for biomedical purposes has dropped
from 600,000 to 100,000 in 2015 [3].

In addition to the concerns in population levels, the limitations in
ecosystems that allow for the populations of these two species to
thrive is also a concern. Limulus only thrives in the shallow waters
along the bays and estuaries of the Atlantic coast of the eastern
United States as immature extending to the edge of the continen-
tal shelf as adults [4]. Tachypleus also lives in coastal and inshore
locations. Its range extends from Japan in the north to Indonesia
in the south. Both locations are prone to disruption from tropi-
cal cyclones. These can extend to temporary interruptions in the
supply of the crabs for LAL production to permanent destruction
of the crabs’ habitat [5]. Two potential challenges present them-
selves from this situation. First, the future of the wild population
can be monitored, and actions taken for conservation. Coupled
with this are all factors due to the variability of the natural en-
vironment. Second, the limitations in habitat provide limited ac-
cess. With only a few access countries for the global LAL and TAL
product, the political climate, geographical location, and regional
regulations can limit or cut off supply of endotoxin reagent.

The second current challenge to endotoxin testing is the cost
of instruments and reagents. Initially, endotoxin testing has a
very low equipment cost. The original endotoxin test using the
LAL reagent is the gelation method. The gelation method of en-
dotoxin testing does not require any special equipment other
than a suitable source of incubation. A large percentage of users
throughout the world are using this method. However, a much
greater wealth of information can be obtained from quantitative
methods. Quantitative methods were developed to be used with
absorbance readers to provide quantitative values to the amount
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of endotoxin present. The transition requires instruments and in-
stallation services that often need to be sourced from the United
States, Japan, or the European Union to the ROW (rest of world)
countries [6].

The third current challenge to endotoxin testing is rigid guidelines
in the face of evolving change. The three major pharmacopeial
bodies, regulatory bodies such as the FDA and EMA, and ANSI/
AAMI all publish guidelines, recommendations, and regulations
on endotoxin testing. The regulations are essential to the uniform
use and manufacture of the endotoxin testing reagents. Howev-
er, the regulations do mean that innovations in testing methods
often do not become a part of the guidance and regulations for
years after the changes are proposed. One example of this is the
recombinant Factor C (rFC) recombinant alternative to LAL. Al-
though it was developed in the early 2000s and was accepted as
compendial by the Ph.Eur., the USP and the JP have not followed
in making recombinant LAL a compendial method of endotoxin
detection [7]. Although this does lead to consistency in the test-
ing methods, as the environment changes, needed changes in the
endotoxin testing world often get delayed [8].

3.0 Opportunities

Challenges can do one of two things. They can expose inadequa-
cies and raise a list of roadblocks, but they can also lead to the de-
velopment of opportunities to grow and expand where previous
methods had fallen short. Endotoxin testing, for the challenges
that it currently faces, also has paths forward for innovation to
overcome those challenges.

The first set of opportunities comes against the challenges of re-
source limitations. First, potential exists to farm horseshoe crabs
in a controlled environment. The development of horseshoe crab
aquaculture would provide two major benefits to the need for
LAL/TAL. First, this would allow the populations of captive crabs
to be controlled in ways that are impossible with wild popula-
tions. This would mitigate the effects of natural disasters and hu-
man fishing on the supply. Second, this would potentially allow
populations of the crabs to be brought to locations that do not
have access to naturally occurring crab populations [9].

Second, alternative endotoxin testing provides a completely con-
trolled, synthetic reagent for endotoxin testing. One-factor syn-
thetic alternatives utilize a synthetic version of the “Factor C” pro-
tein that binds to endotoxin. Three-factor synthetic alternatives
utilize the complete cascade pathway found within natural LAL.
The two major factors limiting the universal adoption of synthetic
LAL are uncertainty in equivalency from the regulatory bodies,
and the cost of the product compared to natural LAL. However,
as confidence grows in the synthetic product, the regulatory bod-
ies will continue to adopt the alternative method. The European
Pharmacopoeia has already made one-factor alternatives com-
pendial. As more products are manufactured, efficiency in man-
ufacturing will increase, and prices will come down as well [10].
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The second set of opportunities comes against the cost of reagents
and instruments. Since the initial development of using absor-
bance readers to provide quantitative results, many iterations of
readers have been made to optimize accuracy in measurements.
These include traditional microplate readers, tube readers, and
cartridge systems. New instruments have been developed with
portability in mind. Using portable, rugged, instruments, quan-
titative testing can be provided to areas that only had access to
qualitative testing [11]. Using the properties of polarized light, a
newer generation of instruments can make absorbance readings
with a reduced amount of reagent. This conservation leads to a
greater usage efficiency of the volume of reagent [12].

Finally, the third set of opportunities comes as greater communi-
cation between the reagent manufacturers, users, and the regula-
tory bodies. Synchronization between all three parties is essential
for the advancements in endotoxin testing. Recently, beneficial
dialogue has occurred between the major pharmacopeia and the
endotoxin manufacturers—especially in the advancements of
synthetic reagents. Promising changes have been made, and the
optimism is increasing to see a greater dialogue and cooperation
between all parties involved [13].

4.0 Conclusions

Although LAL endotoxin testing is facing many challenges, it has
opportunities to improve and overcome each of these challeng-
es. From its origin as a qualitative gel clot method, to the current
industrial standard for quantitative endotoxin testing, LAL testing
has developed. These developments are not over, and future de-
velopments in LAL testing and recombinant LAL testing are on
the horizon. These processes will allow endotoxin testing to grow
in the future.
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