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however, questions remain unanswered. If virulence 
blockers are used only in combination with antibiotics, 
as in the current study,1 the theoretical advantage of 
avoiding selection of antibiotic resistance genes cannot 
be harnessed. Furthermore, the species-dependent or 
even strain-dependent activity of antibody-derived 
toxin inhibitors is a large obstacle to overcome 
when it comes to empirical treatment, and therefore 
requires rapid in-depth pathogen diagnostics. However, 
pathogen diagnostics is also evolving, as the first studies 
using next-generation sequencing to detect pathogens 
directly in clinical samples are underway.13

Most of the virulence blockers under development 
are antibodies or antigen-binding fragments, reflecting 
von Behring and Kitasato’s approach. Very few 
virulence blockers have been described to date that 
do not resemble this principle, and, to our knowledge, 
the present study is the first completed clinical trial. 
Therefore, CAL02 represents a milestone, since it is the 
first non-antibody-based virulence blocker that has 
successfully overcome this hurdle of a clinical study and 
it appears to inactivate a broad range of secreted toxins, 
making it potentially suitable for adjunctive empirical 
treatment.

At last, we might be one step closer to precisely 
targeting pathogens without inflicting selective 
pressure and damaging the microbiome. Nevertheless, 
compared with the rapid translation of novel principles 
into clinical practice 120 years ago, clinical development 
processes in the present day are highly regulated and 
have many pitfalls. We keep our fingers crossed that 
CAL02 will not get lost on its way to the patients who 
need it.
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A step further in a vaccine for Escherichia coli
Extra-intestinal pathogenic Escherichia coli (ExPEC) 
are responsible for almost as many severe infections 
as pneumococci or meningococci. Estimates of E coli 
bacteraemia and sepsis in the health-care system in 
the USA suggest that more than 85 000 deaths are due 
to E coli sepsis.1 Additionally, multidrug resistance is an 
increasing problem, especially in E coli, and even more 
pronounced in severe infections, such as urosepsis.2 
Alternative anti-infective strategies, such as a specific 
vaccine against ExPEC, would definitively increase the 

options for the treatment of invasive E coli disease and 
could be considered a great clinical advantage and 
contribute to decreasing antibiotic selection pressure.

Serum resistance is an important virulence property 
of bacteria in invasive infections, because blood serum 
is otherwise highly toxic to most bacteria. ExPEC strains 
are characterised by a high resistance to serum.3 Serum 
resistance is due to resistance to the complement 
system and is affected by the length of the O-antigen 
and its type.4 Although the O-antigen represents a 
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major mechanism of ExPEC serum resistance, other 
factors, including the capsule, also contribute to this 
phenotype.5 About ten O-serotypes account for 90% of 
meningitis isolates and more than 60% of bacteraemia 
isolates.6 Therefore, development of a vaccine against 
O-antigens from E coli O-serotypes is pragmatic.

In a phase 2 dose finding study by Robert Frenck 
and colleagues7 reported in this issue, a single dose 
of a four-valent vaccine, containing the O1A, O2, 
O6A, and O25B antigens in five different content 
compositions, was administered to 843 healthy volun-​
teers. Safety, reactogenicity, immunogenicity, and anti-​
body functionality were evaluated by assessment of 
opsonophagocytic killing.

The vaccine was generally considered to be safe, with 
only one serious adverse event, (trigeminal neuralgia) 
reported, which was considered unrelated to the vaccine.

The study also attempted to investigate functional 
immunogenicity by assessment of opsonophagocytic 
killing, which is especially important, because 
there is no extensive human experience with the 
immunogenicity in ExPEC vaccines. Opsonophagocytic 
killing is a functional assay suitable for vaccine 
evaluation used in other vaccine developments. 
Although not described in detail by the authors, the 
performance of the assay seemed to be assessed with 
human serum.8 Showing the functionality in serum 
is important, because up to 24% of patients with 
urosepsis were found to express inhibitory antibodies 
capable of preventing serum-mediated killing of 
their infecting isolate.5 Instead of protecting against 
infection, the antibodies in these patients allowed 
otherwise serum-sensitive ExPEC strains to cause 
sepsis.5 Opsonophagocytic killing results showed that, 
at day 15, 70% of vaccinees had titres of 100 or more, 
and 55% maintained these titres until day 360, and 
they correlated well with ELISA measurement of IgG 
levels, indicating robust immunogenicity.

The results described in this study seem to be 
promising and it is a further proof of concept that a 
vaccine in humans might be effective against E  coli 
infections. To determine in which clinical situations 
such an E  coli vaccine could be useful, well designed 
clinical studies in different infections need to be done. 
Until then it can only be speculated that such a vaccine 
might be effective in invasive E  coli infections. Given 
the experience with antibody-coated bacteria in urinary 

tract infections, production of serum antibodies is 
relevant in invasive urinary tract infections but might 
not be relevant in immune defense of cystitis. A study9 
from 1974 showed that antibody-coated bacteria 
were observed in urine specimens from patients with 
pyelonephritis but not in urine from patients with 
cystitis. Most of the patients with antibody-coated 
bacteria in the urine also had high serum antibody titres 
against their own infecting bacteria, which suggests 
a role for the adaptive immune response in invasive 
urinary tract infections. A vaccine targeting the main 
infecting E coli clones might, therefore, be successful in 
preventing invasive E coli disease, as has been shown 
in an earlier phase 1b trial in healthy women with a 
history of recurrent urinary tract infection.10 Further 
well designed clinical studies are needed to establish 
the clinical value of vaccination for E coli in the different 
categories of urinary tract infection, such as recurrent, 
uncomplicated, pyelonephritis, and urosepsis.
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Retrospective versus real-time Ebola virus sequencing
In The Lancet Infectious Diseases, Placide Mbala-Kingebeni 
and colleagues1 report the effect of retrospective 
viral genome analysis of the 2018 Équateur Province 
Ebola virus disease (EVD) outbreak in the Democratic 
Republic of the Congo. They describe the outputs of an 
international response, working with local scientists, 
using in-country, whole-genome sequencing. The 2018 
Democratic Republic of the Congo EVD outbreak was the 
ninth recorded in the country. 54 cases were reported 
with 33 fatalities, resulting in a case fatality rate of 
approximately 60%, which is in line with that of the 
much larger 2013–16 west African outbreak.

Mbala-Kingebeni and colleagues describe how 
they sequenced 16 Ebola virus (EBOV) genomes to 
uncover the presence of a novel strain that they named 
“Tumba”. The genome evaluation was done with an 
Illumina iSeq100 (Illumina Technologies, San Diego, 
CA, USA), although an initial short read of an early 
diagnostic sample was done with the highly field-
adaptable Oxford Nanopore Technologies’ MinION 
device. Importantly, the sequencing and analysis was 
done in the capital of the Democratic Republic of the 
Congo, Kinshasa.

In-silico analysis and antibody binding assays revealed 
nucleotide variations that could affect the epitope 
binding site of a key component of the experimental 
therapeutic monoclonal antibody cocktail ZMapp. This 
further highlights the dangers of using monospecific 
monoclonal antibody therapeutics to treat viral infections. 
A successful phase 3 trial of the recombinant viral-based 
vaccine VSV-ZEBOV2 was done during the 2013–16 west 
African EBOV outbreak. The authors’ in silico analysis 
of the glycoprotein sequence of the “Tumba” strain 
suggested only a minor potential effect on the immune 
profile of the target antigen, which is based on the 
1995 Kikwit outbreak strain of EBOV. The authors also 
evaluated the effects of genome sequence variations on 
the performance of several EBOV molecular diagnostics, 

concluding that they would not have a negative effect on 
their performance.

Although the retrospective sequencing of the diagnostic 
samples started only 3 weeks before the outbreak was 
declared over, Mbala-Kingebeni and colleagues propose a 
protocol for the rapid assessment of pathogen sequence 
on the efficacy of current medical countermeasures, which 
could have an effect on future incidents.

The 2013–16 west African outbreak was associated 
with more than 28 000 cases of EVD, which resulted 
in more than 11 000 fatalities.3 Permission from 
local government to ship samples to Europe and 
North America enabled early mass sequence analysis by 
the European mobile laboratory (EMLab)4 and others,5 
which revealed important factors about the timing of 
the initial spillover event, mutation rate, suitability of 
available medical countermeasures, and the transmission 
dynamics during the first year of the outbreak. A 
subsequent review of approximately 2000 sequences 
from the outbreak provided greater insight into 
contributions of geographical, political, economic, and 
social factors on transmission throughout the region.6
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