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A 64-year-old woman with no known 
medical history presented to clinic with a 
4-year history of worsening low back pain 
and difficulty walking. Exam was notable 
for a finding in the eyes, kyphosis, and a 
Trendelenburg gait. Radiographs of the 
lumbosacral spine and pelvis are shown. 
A urine sample turned black after being 
left at room temperature overnight. 
Which of the following is the most likely 
diagnosis?

Alkaptonuria

Ankylosing spondylitis

Hemochromatosis

Metastatic melanoma

Porphyria

Urine levels of homogenHsic acid were elevated, confirming 
alkaptonuria. Alkaptonuria is an autosomal recessive disorder 
of tyrosine metabolism that results in high levels of 
homogenHsic acid that subsequently polymerizes to form a 
pigment. The condiHon manifests in childhood with darkening 
of urine aLer oxidizaHon by air (which this paHent recalled 
noHng) and in adulthood with pigmentaHon of connecHve 
Hssues (known as ochronosis) and early-onset, severe 
osteoarthropathy (known as ochronoHc arthropathy).



Der Alkaptonurie liegt ein Defekt des Enzyms Homogentisat-1,2-
Dioxygenase (HGD) zugrunde. Dieses Enzym ist normalerweise für den 
Abbau der Aminosäuren Phenylalanin und Tyrosin (Bausteine von 
Nahrungseiweiß) zuständig.

Durch den Enzymdefekt kann ein Zwischenprodukt, die Homogentisinsäure 
(HGA), nicht weiter abgebaut werden und reichert sich im Körper an.

Typische Symptome und Verlauf

• Dunkelfärbung des Urins: Das auffälligste Frühsymptom zeigt sich oft 
schon im Säuglingsalter an dunklen Flecken in der Windel. Der Urin 
verfärbt sich dunkelbraun bis tiefschwarz, sobald er mit Luftsauerstoff in 
Kontakt kommt und oxidiert.

• Ochronose: Ab dem mittleren Erwachsenenalter (meist ab dem 30. 
Lebensjahr) lagern sich die Abbauprodukte als bläulich-schwarze 
Pigmente im Gewebe ab. Besonders sichtbar wird dies am Ohrknorpel 
und an den Skleren (Lederhaut) der Augen.

• Gelenk- und Wirbelsäulenbeschwerden: Die Ablagerungen im 
Knorpelgewebe führen zu einer schweren, fortschreitenden Zerstörung 
der großen Gelenke (Hüfte, Knie, Schultern) und der Wirbelsäule 
(ochronotische Arthropathie), die oft einer schweren Arthrose ähnelt.



Trikuspidalinsuffizienz



Die Trikuspidalinsuffizienz (TI) – die Undichtigkeit der Herzklappe zwischen rechtem Vorhof und rechter Herzkammer – 
galt lange als „vergessene Klappe“. Heutzutage unterscheidet die moderne Kardiologie präzise zwischen verschiedenen 
Ursachen, wobei die sekundäre (funktionelle) Trikuspidalinsuffizienz mit über 90 % der Fälle die mit Abstand häufigste 
Form im klinischen Alltag darstellt.

Hier ist die Übersicht der heutigen Hauptursachen, aufgeteilt nach ihrer Entstehung:

1. Sekundäre (funktionelle) Trikuspidalinsuffizienz (> 90 % der Fälle)

Hierbei ist die Herzklappe selbst anatomisch intakt. Sie wird jedoch undicht, weil sich der rechte Ventrikel (Herzkammer) 
oder der rechte Vorhof stark erweitert (dilatiert), wodurch der Klappenring auseinandergezogen wird.

• Linksherzerkrankungen (Ventrikuläre sekundäre TI): Dies ist der klassische Auslöser. Durch Erkrankungen des linken 
Herzens – wie eine Mitralklappeninsuffizienz, eine Aortenklappenstenose oder eine allgemeine Linksherzschwäche 
(Herzinsuffizienz) – staut sich das Blut chronisch über die Lunge zurück in die rechte Herzkammer.

• Lungenhochdruck (Pulmonale Hypertonie): Ein erhöhter Druck in den Lungengefäßen (z. B. durch chronische 
Lungenerkrankungen wie COPD oder wiederkehrende Lungenembolien) zwingt die rechte Herzkammer zu massiver 
Mehrarbeit, woraufhin sie sich erweitert.

• Vorhofflimmern (Atriale sekundäre TI): Diese Ursache hat in den letzten Jahren enorm an Bedeutung gewonnen. 
Chronisches Vorhofflimmern führt zu einer starken Vergrößerung des rechten Vorhofs. Dadurch dehnt sich der 
Klappenring direkt aus, ohne dass die Herzkammer primär vergrößert sein muss (isolierte TI).



The effect of transcatheter tricuspid-valve 
repair on clinical outcomes, including death 
and hospitalization for heart failure, in 
patients with severe tricuspid regurgitation 
remains uncertain. We randomly assigned 
patients with symptomatic severe tricuspid 
regurgitation and an increased risk of future 
heart-failure events in a 2:1 ratio to 
tricuspid-valve repair plus medical therapy 
(tricuspid-repair group) or medical therapy 
alone (medical-therapy group). The first 
primary end point was a hierarchical 
composite of death from any cause, 
hospitalization for heart failure, and quality-
of-life improvement at 1 year, assessed by 
win ratio. If the between-group difference 
was significant, a second primary end point 
would be tested: a composite of death from 
any cause or hospitalization for heart failure 
through 3 years.



Tricuspid regurgitation is associated with increased morbidity and mortality. 
Options for medical therapy remain limited, and isolated tricuspid-valve surgery 
is rarely performed owing to increased operative risk. Transcatheter tricuspid-
valve interventions have emerged as an alternative to surgery. Among these, 
tricuspid edge-to-edge repair is the most widely adopted and is associated with 
high procedural success and a favorable safety profile. The Tricuspid 
Intervention in Heart Failure (TRIC-I-HF) trial was designed to evaluate whether 
a strategy of transcatheter tricuspid-valve repair plus medical therapy would 
result in a lower risk of death and hospitalization for heart failure than medical 
therapy alone among patients with severe tricuspid regurgitation who are at 
increased risk for future heart-failure events.



Pa#ent Selec#on
Pa#ent selec#on and enrollment was at the discre#on of the local heart team, without need for 
approval by a central eligibility commi:ee or screening for baseline medical treatment. Pa#ents 
who were eligible for enrollment had at least severe tricuspid regurgita#on on a five-grade scale 
(mild, moderate, severe, massive, and torren#al), despite medical therapy including diure#c 
therapy adjusted to the individual op#mal dose for at least 30 days.
Strategy for Transcatheter Tricuspid-Valve Repair
The local heart-valve team selected from devices that have received a European Cer#ficate of 
Conformity (known as the CE mark) for transcatheter tricuspid-valve repair suitable for the 
individual pa#ent. The commercially available CE-marked devices included the PASCAL system and 
the Cardioband system (both Edwards Lifesciences) and the TriClip system (Abbo: Cardiovascular).
End Points
The first primary end point was a hierarchical composite of death from any cause, hospitaliza#on 
for heart failure, and quality-of-life improvement at 12 months, as assessed by means of the 
Kansas City Cardiomyopathy Ques#onnaire (KCCQ), with a clinically meaningful improvement 
defined as an increase of at least 15 points; scores on the KCCQ range from 0 to 100, with higher 
scores indica#ng be:er health status. 



Primary and Secondary End Points.











MulGkrebs-Früherkennungstests (MCED-Tests, Mul$-Cancer Early Detec$on) 



Multikrebs-Früherkennungstests (MCED-Tests, Multi-Cancer Early Detection) sind innovative blutbasierte Untersuchungen, die 
darauf abzielen, Dutzende verschiedene Krebsarten anhand von zellfreier DNA (cfDNA) oder Biomarkern im Blut 
nachzuweisen, noch bevor Symptome auftreten. 

Funktionsweise

• Flüssigbiopsie (Liquid Biopsy): Die Tests analysieren zellfreie DNA-Fragmente (cfDNA) oder Immunzellen (wie Fresszellen 
bei bestimmten Verfahren) aus einer normalen Blutprobe.

• Signalerkennung: Sie suchen nach tumorspezifischen Veränderungen, wie etwa DNA-Methylierungsmustern oder 
Krebsenzymen. 

• Ursprungsvorhersage: Fortgeschrittene Tests können oft auch angeben, aus welchem Gewebe oder Körperbereich das 
Krebssignal vermutlich stammt.

Bekannte Beispiele

• Galleri-Test: Ein US-Test von GRAIL, der über Methylierungsmuster der cfDNA mehr als 50 Krebsarten erkennen soll (in den 
USA und im Rahmen von Studien bekannt, in der EU meist nicht regulär im Alltag verfügbar). 

• PanTum Detect®: Ein in Deutschland entwickelter und im August 2026 nach der EU-In-vitro-Diagnostika-Verordnung (IVDR) 
zertifizierter Bluttest der Zyagnum AG, der über das Immunsystem (Fresszellen und EDIM-Technologie) Hinweise auf 
veränderte Zellprozesse liefert



Whether screening with blood-based early-detection tests 
for multiple cancers in addition to usual care has clinical 
utility is unknown. In a randomized, controlled trial 
conducted in England, we obtained peripheral blood from 
persons 50 to 77 years of age at up to three annual visits. 
After baseline blood collection, participants were randomly 
assigned in a 1:1 ratio to the intervention group 
(participants whose blood was tested) or the control group 
(participants whose blood was stored). Participants and 
trial personnel were initially unaware of the group 
assignments. The primary end point was stage III or IV 
cancer among 12 prespecified types of cancer, and a key 
secondary end point was stage IV cancer among the 12 
prespecified types. The differences between the groups in 
the incidence rate (the number of first eligible events 
divided by person-years at risk) were measured after three 
screening rounds and at least 12 months of follow-up after 
the last participant’s third visit.



The survival advantage associated with detection of cancer at earlier stages 
reflects broader eligibility for curative treatment and lower disease burden. 
Standard-of-care screening contributes to earlier diagnosis and improved 
survival, yet the recommended single-cancer screening accounts for less than 7% 
of all cancer diagnoses in England and less than 15% in the United States.
Multicancer early-detection testing offers a different approach by 
simultaneously screening for multiple cancer types in a biologic specimen (e.g., 
blood). One multicancer early-detection test that analyzes methylation patterns 
in cell-free DNA (cfDNA) to detect a cancer signal and predict the associated 
tissue type or organ (cancer signal origin) has shown the ability to detect cancer 
across a broad range of cancer types. The test has shown strong performance in 
case–control studies and in prospective clinical studies, as well as in real-world 
experience.
Here, we report the primary results from the NHS-Galleri trial, a randomized, 
controlled trial. 



Procedures
Initial appointments were conducted in mobile phlebotomy clinics. After participants provided 
written informed consent, a baseline peripheral blood sample was obtained by routine 
venipuncture, and participants were then randomly assigned in a 1:1 ratio to the intervention 
or control group. 
All participants, except those for whom the trial team had received death notification, were 
invited to provide a blood sample at two further annual (12 months, with a window of ±6 
weeks) visits; participants missing the second visit could return for the third. Participants who 
had received treatment for cancer in the preceding year were advised to contact the trial team, 
because they may not have needed to attend the next screening visit. All participants and trial 
staff were initially unaware of the group assignments; participants in the intervention group 
who had a positive result on a multicancer early-detection test (i.e., a cancer signal was 
detected) received the results in communications from trial nurses who became aware of the 
group assignment. Only statisticians who were aware of the group assignments reviewed 
unblinded safety data and presented results to the independent data monitoring committee in 
closed meetings conducted every 6 months.
Blood samples from participants in the intervention group were analyzed with the 
multicancer early-detection test. 



Blood samples from participants in the intervention group were analyzed with the multicancer 
early-detection test. The trial team facilitated referral for diagnostic testing of participants who 
received a positive result through established NHS urgent cancer referral pathways that followed 
existing guidelines for anatomical site–specific suspected cancer based on the cancer-signal 
origin predicted by the multicancer early-detection test. All blood samples from participants in 
the control group and remaining plasma samples from the participants in the intervention group 
(kept in case of a processing error) were stored for future testing with the consent of the 
participants.
Cancer outcomes were obtained through linked national health care datasets. Participants were 
passively followed for cancer diagnoses and death until they emigrated or withdrew consent.





Demographic and Clinical Characteris\cs of the Par\cipants at Baseline.

IMD quintiles divide areas in England into five equal groups 
(or 20% bands) based on the Index of Multiple Deprivation 
(IMD), which measures relative neighborhood deprivation

Table conHnues



Stage III or IV and Stage IV Cancer Outcomes after Three 
Annual Screening Rounds.





Participant Group Sizes

• Intervention group: 71,122 participants (received blood testing with the cell-free DNA 
multicancer early-detection test plus usual care).

• Control group: 71,128 participants (received usual care with blood stored but not tested).

Stage III or IV Cancer (Primary Endpoint)

• There was no significant difference in the incidence rate of stage III or IV cancer across 12 
prespecified cancer types between the intervention and control groups.

• Incidence Rate Ratio (IRR): 1.03 (95% CI: 0.92 to 1.14, P = 0.63).

Stage IV Cancer (Key Secondary Endpoint)

• The incidence rate of stage IV cancer specifically was lower in the intervention group compared 
to the control group:

• Intervention group: 145.2 per 100,000 person-years

• Control group: 168.5 per 100,000 person-years

• Incidence Rate Ratio (IRR): 0.86 (95% CI: 0.74 to 1.00).

Anus, Bladder, Colorectal, Esophagus, 
Head & Neck, Liver/Bile Duct, Lung, 
Lymphoma, Myeloma/Plasma Cell 
Neoplasm, Ovary, Pancreas, and 
Stomach. 





Discussion
NHS-Galleri is a randomized, controlled trial that evaluated the clinical utility of a multicancer 
early-detection test for population screening. After three annual multicancer early-detection 
screening rounds with 12 months of follow-up after the last participant’s third visit, we did not 
observe a lower incidence rate in the intervention group than in the control group of stage III or 
IV cancers among the 12 prespecified cancer types (the primary end point). Although the 
prespecified hierarchical plan to adjust for multiple testing precluded any formal testing of 
secondary end points, the results suggested the possibility that the intervention was associated 
with fewer stage IV cancer diagnoses in the second and third screening rounds, in which 
observed trends would be expected to reflect those of a stable screening program with a 
routinely screened population. Stage IV cancer reduction is clinically important since stage IV 
disease confers worse survival than earlier-stage disease.

In this large, randomized, controlled trial, annual multicancer early-detection testing added to 
usual care was not associated with a significantly lower incidence rate of stage III or IV cancer 
across 12 prespecified types after three screening rounds and at least 12 months of follow-up. 
Further follow-up is warranted to assess the way findings for stage III or IV cancers and the 
observed difference in stage IV cancers translate to clinical benefit over time.



Thus, whether screening with blood-based early-detection tests for multiple cancers in addition to usual care has 
clinical utility, could not be shown. 



Ein sep\scher Schock entwickelt sich meist aus einer 
fortschreitenden Sepsis („BlutvergiLung“). Typische 
Warnsignale sind:

• Extremer Blutdruckabfall: Der Kreislauf bricht zusammen, 
was zu Schwindel oder Ohnmacht führt.

• Massives Herzrasen & schnelle Atmung: Der Körper 
versucht verzweifelt, den Sauerstoffmangel auszugleichen.

• Verwirrtheit & Wesensveränderung: Akute DesorienHerung 
oder extreme Schläfrigkeit (Sepsis-Enzephalopathie).

• Hautveränderungen: Die Haut ist oL feuchtkalt, blass oder 
zeigt eine fleckige Marmorierung (besonders an Knien, 
Händen und Füßen).

• Nie gekanntes Krankheitsgefühl: Betroffene klagen oL über 
extreme Schmerzen oder äußern Todesangst.

• Fieber oder Untertemperatur: Häufig triv hoher 
Schüvelfrost auf, aber auch eine gefährlich niedrige 
Körpertemperatur (< 36 °C) ist möglich



The optimal approach to early resuscitation 
in septic shock is unknown. Equipoise exists 
between the use of larger volumes of 
intravenous fluids to restore perfusion and 
the use of early vasopressor therapy along 
with smaller volumes of fluids to minimize 
potential harm from excess fluid. We 
randomly assigned adult patients who 
presented to the emergency department 
with septic shock to receive either fluids at 
restricted volumes and early vasopressor 
therapy (vasopressor group) or higher 
volumes of fluids and later vasopressor 
therapy (fluids group) for at least 6 hours 
and up to 24 hours. The primary outcome 
was days alive and out of the hospital from 
randomization to day 90.



The op#mal approach to intravenous fluid volume and #ming of vasopressor ini#a#on 
in pa#ents with early sep#c shock is unknown. In pa#ents with sepsis-induced 
hypotension, the Surviving Sepsis Campaign guidelines provide a weak 
recommenda#on for intravenous fluids administered at a dose of at least 30 ml per 
kilogram of body weight within the first 3 hours ader recogni#on of the hypotension. 
The European Society of Intensive Care Medicine guidelines make a similar 
recommenda#on and call for randomized trials to assess the ini#al fluid dose and 
subsequent administra#on during the op#miza#on phase (typically the first 24 hours). 
Neither guideline makes specific recommenda#ons regarding the #ming of vasopressor 
ini#a#on. Vasopressors are typically administered in the intensive care unit (ICU), and 
the use of these agents to support a restricted fluid strategy may increase demand for 
beds and contribute to inequi#es when ICU resources are constrained. Limited 
evidence to guide early resuscita#on contributes to prac#ce varia#on in the 
management of sep#c shock. Clinical uncertainty is compounded by reports of 
poten#al adverse effects that occur with excess fluid administra#on. The largest 
randomized trial to evaluate a restric#ve fluid strategy for early sep#c shock was 
stopped for fu#lity and showed no benefit with regard to mortality



We conducted the Australasian Resuscitation in Sepsis Evaluation: Fluid or Vasopressors 
in Emergency Department Sepsis (ARISE FLUIDS) trial to test whether a strategy of 
restricted fluid volume and early vasopressors, as compared with a strategy of greater 
fluid volume and later vasopressors, would increase the number of days alive and out of 
the hospital at day 90 among adult patients who presented to the emergency 
department with early septic shock.
Patients
Adults with a clinically suspected infection were eligible if they had systolic blood pressure of less than 90 
mm Hg or mean arterial pressure of less than 65 mm Hg despite receiving at least 1000 ml of fluid in the 
form of bolus doses (including fluids administered before hospital presentation; a bolus dose was defined 
as 500 to 1000 ml of fluid administered over a period of 60 minutes or less), had a blood lactate level 
higher than 2.0 mmol per liter, and had begun receiving treatment with an intravenous antimicrobial 
agent.
For patients in the vasopressor group, intravenous fluid resuscitation ceased after randomization and 
vasopressor therapy commenced. Vasopressor type, route, dose adjustment, and target mean arterial 
pressure were according to clinician preference. Fluid boluses of 250 ml were permitted if indicated, 
including for refractory hypotension, persistent hypoperfusion (e.g., delayed capillary refill time), a lactate 
level higher than 4 mmol per liter or rising from the previous level despite resuscitation for 2 hours or 
more, persistent tachycardia, and oliguria marked by a urine output of less than 0.5 ml per kilogram of 
body weight per hour for 2 hours or more. Maintenance fluids were discouraged.



For patients in the fluids group, an 
initial intravenous fluid bolus of up to 
1000 ml infused within 60 minutes was 
administered after randomization. 
Additional 500-ml boluses were 
administered for persistent 
hypotension or hypoperfusion. Unless 
contraindicated, administration of 
fluids at a dose of 30 ml per kilogram 
within 3 hours after presentation to 
the emergency department was 
recommended. Fluid type, methods of 
assessing fluid responsiveness, 
maintenance fluids, and target mean 
arterial pressure were determined 
according to clinician preference.

Outcomes
The primary outcome was 
days alive and out of the 
hospital from randomization 
to follow-up at day 90.



Fluid and Vasopressor Administration (24-
Hour Intervention Period).

Baseline



Outcomes



Albeit, the pulmonary 
edema rate was 
substanHally reduced



Wie funktioniert Optogenetik?

Das Verfahren verbindet Methoden der Genetik und der Optik:

1. Genetische Modifikation: Forschende schleusen 
Fremdgene in bestimmte Zielzellen ein. Diese Gene 
stammen häufig von Mikroorganismen oder Algen (wie der 
Grünalge Chlamydomonas reinhardtii). 

2. Lichtempfindliche Proteine: Die modifizierten Zellen bilden 
daraufhin lichtsensitive Ionenkanäle oder Pumpen 
(sogenannte Opsine) in ihrer Membran aus.

3. Lichtsteuerung:

1. Bestrahlt man diese Zellen mit blauem Licht, öffnet sich 
beispielsweise das Protein Channelrhodopsin-2. Ionen 
strömen ein, und die Nervenzelle wird aktiviert.

2. Andere Proteine wie Halorhodopsin reagieren auf gelb-
oranges Licht und schleusen negative Ionen ein, was 
die Zelle hemmt bzw. ausschaltet.



Optogenetics
Optogenetics, the precise control of genetically targeted cellular activity with light, has 
guided the investigation of cellular roles in living systems for more than two decades. In 
this approach, specific cells (e.g., specific types of neurons) are controlled (activated or 
inhibited) by inducing them to express a gene encoding a light-sensitive protein; this 
genetic targeting enables broad light exposure (e.g., to the whole tissue or organ) to 
exert specific direct effects on the targeted cells. The gene (for most discoveries so far) 
encodes a microbial light-gated ion channel called a channelrhodopsin that, as a single 
protein, offers versatile targeting across cells and species and is therefore useful in 
general for testing hypotheses in diverse biologic systems. Refinement of optogenetic 
specificity beyond generalizable genetic targeting strategies has resulted from increasing 
the precision of light delivery (the spatiotemporal shaping of light) through fiber optics, 
digital micromirrors, holographic spatial light modulators, and other strategies. 
Subsequent methods for genetically modifying cellular activity, such as with sound 
waves (sonogenetics) or pharmacology (chemogenetics), are based on the same 
principle as optogenetics: introduce a triggerable receptor to a specific type of cell, 
enabling more broad delivery of the trigger to exert cell-specific direct effects.

https://illustrated-glossary.nejm.org/term/channelrhodopsin




Optogenetics for Retinitis Pigmentosa?
The term retinitis pigmentosa describes a group of largely monogenic neurodegenerative 
diseases that progress to irreversible blindness owing to the loss of photoreceptor cells in the 
retina. Although a gene therapy for one form of retinitis pigmentosa (caused by loss-of-
function variants in RPE65) has shown clinical benefit, more than 100 genes have been 
implicated as causal (when variant) of retinitis pigmentosa in the broader human population, 
and so the replacement (or editing) of a single gene would not help most persons with 
retinitis pigmentosa. Direct therapy with a single-component microbial opsin could offer a 
universal solution by providing targeted retinal light responsivity to surviving neurons that are 
downstream of the degenerating photoreceptors.
The high speed (millisecond scale) of channelrhodopsin gating is suitable for representing 
dynamic changes in visual input. However, the optogenetic approach bypasses the 
amplification and adaptation mechanisms operative in the early stages of retinal processing 
that normally allow robust human vision across light intensities that vary enormously — by 
orders of magnitude — in typical outdoor and indoor settings. Therefore, Sahel et al. replaced 
ambient light with a medical device: custom goggles that detect the natural visual scene and 
project a corresponding 595-nm light stimulus onto the target retina.



Background
Retinitis pigmentosa is an inherited degenerative retinal disease that can lead to irreversible blindness. 
Optogenetic therapy has shown potential for restoring visual function at late stages of the disease.
Methods
In this open-label study, we evaluated the safety of ganglion cell–directed optogenetic therapy in 10 
participants with blindness due to advanced retinitis pigmentosa. Each participant received a single 
intravitreal injection of an adeno-associated viral (AAV) vector encoding the red-shifted channelrhodopsin 
ChrimsonR in the worse-seeing eye. The primary outcome was safety. Secondary outcomes included 
changes in light sensitivity as measured by full-field stimulus threshold (FST) testing conducted with the 
untreated eye patched and with the use of light-stimulating goggles designed to activate ChrimsonR. The 
definition of a clinically meaningful improvement in the FST (based on evidence from the literature and 
not prespecified in the protocol) was a decrease of at least 0.6 log units (i.e., an increase in light sensitivity 
by a factor of approximately 4).
Conclusions
Within the limits of this small study, intravitreal administration of a ChrimsonR-expressing AAV vector 
targeting retinal ganglion cells combined with use of light-stimulating goggles was safe. Additional 
research is needed to further assess safety and efficacy.



Retinitis pigmentosa is a clinically and genetically heterogeneous group of inherited, 
mostly monogenic, degenerative retinal diseases characterized by progressive 
photoreceptor loss that can lead to irreversible blindness. Variants in more than 100 
genes result in retinitis pigmentosa, collectively affecting more than 1.5 million persons 
worldwide. Gene-augmentation therapy for an early-onset retinitis pigmentosa caused by 
variants in RPE65 has shown clinical benefit. However, there is no approved treatment for 
most persons with retinitis pigmentosa.
Optogenetic vision restoration aims to restore retinal responsiveness to light in persons 
with blindness by introducing genes encoding light-sensitive proteins into surviving 
neurons. The effectiveness of this treatment should therefore be independent of the 
specific genetic cause.
One such approach involves the intravitreal delivery of an adeno-associated viral (AAV) 
vector (serotype AAV2.7m8) that expresses ChrimsonR–tdTomato (GS030-Drug Product 
[GS030-DP]) under the control of the CAG promoter. The red-shifted channelrhodopsin 
ChrimsonR is a light-sensitive nonselective cation channel, with peak activation at 
approximately 590 nm (amber light). The protein tdTomato is added as a fusion protein to 
enhance the membrane localization of ChrimsonR. 



A first-in-human proof-of-concept 
study of this optogene#c system 
showed par#al recovery of vision in a 
single par#cipant with end-stage 
re#ni#s pigmentosa.11 Here, we 
report results of the mul#center, 
open-label, dose-escala#on PIONEER 
study (Dose-Escala#on Study to 
Evaluate the Safety and Tolerability of 
GS030 in Subjects with Re#ni#s 
Pigmentosa), in which 10 par#cipants 
with legal blindness due to re#ni#s 
pigmentosa received an injec#on of 
the optogene#c vector GS030-DP in 
their worse-seeing eye and 
underwent vision tes#ng with GS030-
MD light-s#mula#ng goggles before 
and ader the injec#on.

Panel A: Action spectrum of ChrimsonR (according to Klapoetke 
et al. 201410) and emission spectrum of the GS030-MD light-
stimulating goggles. Panel B: The procedure for performing the
notebook or staple box test. Panel C: The procedure for 
performing the bar orientation test. Panel D: EEG recording 
during the tumbler detection task. Panel E: EEG recording 
during the SSVEP test.

https://www.nejm.org/doi/full/10.1056/NEJMoa2602215


Baseline characteris\cs

Safety Assessments.
Panel A shows intraocular pressure over the course of the study. 
Panel B shows slit-lamp findings. For anterior chamber (AC) cells and 
vitreous cells, higher grades indicate higher numbers of visible 
inflammatory cells; for AC flare, higher grades indicate greater 
amounts of protein due to inflammation. Grades range from 0 to 4+. 
Panel C shows central field thickness of the macula as measured by 
optical coherence tomography (OCT). Panel D shows cellular 
reactivity to AAV2.7m8 (AAV2), ChrimsonR (ChR), and tdTomato 
(tdT) as measured in enzyme-linked immunospot (ELISpot) assays. 
Participants L1 through L3 received 5.0×1010 vector genomes per 
eye, Participants M1 through M3 1.5×1011 vector genomes per eye, 
and Participants H1 through H4 5.0×1011 vector genomes per eye.



Patients treated with optogenetic therapy for retinitis pigmentosa in the New England Journal 
of Medicine trial do not experience traditional high-resolution sight, but they perceive more 
than random light flashes. Instead, they detect functional visual boundaries, shapes, and high-
contrast outlines that enable real-world object localization.



Discussion
Within the limits of this small study, intravitreal administration of a ChrimsonR-
expressing AAV vector targeting retinal ganglion cells in combination with the use of 
light-stimulating goggles was safe. Intraocular inflammation occurred in 7 of 10 
participants, was more common in the high-dose group, and manifested primarily as 
inflammation in the anterior chamber. The inflammatory events resolved with standard 
treatment and without sequelae and were consistent with such events in previous 
studies of intravitreal AAV administration.
Four of the participants who underwent visual behavioral testing had partial restoration 
of visual function, including the participant in our previous report (Participant L1). In 
vivo visualization of ChrimsonR–tdTomato expression for mapping transduced regions 
and optimizing device alignment was not achievable with currently approved clinical 
imaging devices, which are insufficiently sensitive to detect tdTomato in the retina. 
However, the changes in light sensitivity in the treated eyes of 7 of the 10 participants 
were consistent with the expression of the optogenetic sensor in the retinas of these 7 
participants.



Brustkrebs



Summary
Systemic therapy for breast cancer has evolved rapidly since 2020, driven by the expansion of 
targeted therapies, antibody–drug conjugates, and immunotherapy across biologic subtypes. 
The integration of tumor molecular profiling and germline testing has enabled increasingly 
personalized, biomarker-guided treatment strategies. In hormone-receptor–(ER)positive, 
human epidermal growth factor receptor 2 (HER2)–negative disease, cyclin-dependent kinase 4 
and 6 inhibitors remain foundational, whereas phosphatidylinositol 3-kinase pathway 
inhibitors, oral selective estrogen-receptor degraders, and antibody–drug conjugates have 
transformed disease management after endocrine resistance. In HER2-positive disease, 
antibody–drug conjugates — particularly trastuzumab deruxtecan — have improved outcomes 
and are being used in earlier lines of therapy, a development that is reshaping treatment 
paradigms. In triple-negative breast cancer, immune checkpoint inhibitors have improved 
outcomes in both metastatic and early-stage disease. Across subtypes, advances in curative 
therapy increasingly emphasize risk-adapted escalation and de-escalation of treatment. 
Ongoing challenges include improving treatment sequencing, identifying predictive biomarkers, 
integrating emerging tools such as analysis of circulating tumor DNA, and ensuring equitable 
access to high-cost therapies.



The management of breast cancer — the most commonly diagnosed cancer and the second 
leading cause of cancer-related death among women in the United States annually — has 
changed substanGally during the past two decades, with improved survival largely ahributed to 
advances in systemic treatment. Since 2020, a total of 17 targeted therapies have been 
approved or granted addiGonal indicaGons, including one monoclonal anGbody, three 
anGbody–drug conjugates, one immune checkpoint inhibitor, three phosphaGdylinositol 3-
kinase (PI3K)–AKT–mammalian target of rapamycin (mTOR) pathway inhibitors, four oral 
selecGve estrogen-receptor degraders (SERDs), one human epidermal growth factor receptor 2 
(HER2)–selecGve tyrosine kinase inhibitor, one poly(ADP-ribose) polymerase (PARP) inhibitor, 
and three cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors. In parallel, diagnosGc and 
prognosGc evaluaGon has become increasingly integrated into treatment decision making. 
Tumor molecular profiling now rouGnely extends beyond determining hormone-receptor (HR) 
and HER2 status and is complemented by broader germline geneGc tesGng, which enables 
biomarker-guided, personalized treatment strategies. Efforts are increasingly focused on 
tailoring therapy to individual paGents without compromising outcomes. Against this backdrop, 
this review summarizes advances in systemic therapy for breast cancer since 2020 and is 
organized according to the three major clinical subtypes, which are defined by HR expression 
and HER2 status.



Biomarker-Guided Treatment Options for Breast Cancer 
Independent of HR and HER2 Expression.







HR-Posi=ve, HER2-Nega=ve Breast Cancer
Metasta=c Disease
Approximately 70% of breast cancers are HR-
posiGve, with normal expression of HER2 
(HER2-negaGve). For many years, advances 
were incremental and largely limited to 
sequenGal endocrine therapies, including 
tamoxifen, aromatase inhibitors (anastrozole, 
letrozole, or exemestane), and fulvestrant, an 
intramuscularly delivered SERD. Although the 
approval of the mTOR inhibitor everolimus in 
combinaGon with endocrine therapy marked 
a milestone event in 2012 for paGents whose 
disease progressed amer endocrine therapy, 
overall survival was not significantly 
improved, and paGents were generally 
treated with chemotherapy by the third line.





HER2-Positive Breast Cancer
Recognition of HER2 amplification — which is present in approximately 15 to 20% of breast cancers 
— as a key oncogenic driver, coupled with the development of HER2-targeted therapies, 
transformed a disease subtype with a historically poor prognosis into one with outcomes that are 
among the most favorable for breast cancer. Currently, eight HER2-targeted therapies are approved 
by the FDA (three monoclonal antibodies, three oral tyrosine kinase inhibitors, and two antibody–
drug conjugates), with additional agents in advanced stages of clinical development.
Metastatic HER2-Positive Breast Cancer
Since the findings of the Clinical Evaluation of Pertuzumab and Trastuzumab (CLEOPATRA) trial in 
2012, the THP regimen — induction taxane chemotherapy combined with the HER2-directed 
monoclonal antibodies trastuzumab and pertuzumab, followed by maintenance trastuzumab and 
pertuzumab until disease progression — has defined first-line therapy for HER2-positive metastatic 
breast cancer. 
Triple-Negative Breast Cancer
Approximately 15% of all breast cancers lack expression of HRs and do not overexpress HER2, which 
defines triple-negative breast cancer — a subtype for which established targeted therapeutics are 
absent. Progress in managing this aggressive and molecularly heterogeneous subtype has 
historically been slow, and outcomes remain poorer than those observed in other breast cancer 
subtypes. During the past 5 years, however, glimmers of hope have emerged with respect to both 
metastatic disease and curative treatment.



Conclusion
The treatment of breast cancer has entered an era of unprecedented therapeutic 
expansion. Across all major subtypes, targeted therapies, antibody–drug conjugates, 
and immunotherapy have reshaped treatment algorithms and extended survival in 
the context of both metastatic disease and curative treatment. Increasingly, 
treatment decisions are guided not only by tumor subtype but also by molecular 
alterations and individual risk, which reflects a broader shift toward biologically 
informed, personalized care. As these advances continue to move earlier in the 
disease course, clinicians are increasingly tasked with balancing therapeutic intensity 
with considerations of long-term toxic effects, quality of life, and survivorship. The 
challenge ahead will be to translate this rapidly evolving evidence base into 
treatment strategies that are both effective and sustainable, ensuring that the 
expanding armamentarium of therapies meaningfully improves outcomes for 
patients across the spectrum of breast cancer.





Die Kikuchi-Fujimoto-Krankheit (auch histiozytär 
nekrotisierende Lymphadenitis genannt) ist eine seltene, 
gutartige und meist selbstlimitierende Erkrankung, die durch 
schmerzhafte Lymphknotenschwellungen gekennzeichnet ist.

Symptome

• Lymphknoten: Schmerzhafte oder druckempfindliche 
Schwellungen am Hals (zervikal) in etwa 80 % der Fälle.

• Allgemeinsymptome: Leichtes Fieber, Müdigkeit (Fatigue), 
Nachtschweiß und Muskelschmerzen (Myalgien).

• Selten: Hautausschlag oder Gelenkschmerzen. 

Ursachen

Die genaue Ursache ist bis heute unbekannt. Es wird vermutet, 
dass es sich um eine überschießende Immunreaktion des 
Körpers handelt. Als Auslöser werden virale Infektionen (wie 
Epstein-Barr-Virus) oder Autoimmunprozesse diskutiert. Die 
Erkrankung betrifft vor allem junge Erwachsene unter 40 
Jahren, besonders Frauen.

https://portal-se.de/taxonomy/term/36285
https://portal-se.de/taxonomy/term/36285
https://portal-se.de/taxonomy/term/36285
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A 19-year-old woman presented to the pediatric emergency department of this hospital because of fever 
and tender cervical lymphadenopathy. The patient had been in her usual state of good health until 3 
weeks before the current presentation, when painful cervical swelling developed on both sides of the 
neck, which was worse on the left. The swelling involved the anterior aspect of the neck, with pain 
referred to the left ear. The patient presented to her primary care pediatrician’s office for evaluation of 
these symptoms. The temporal temperature was 36.8°C, and the other vital signs were normal. The 
tympanic membranes and external acoustic canals appeared normal, the posterior oropharynx showed 
no injection or exudates, and the tonsils were not enlarged. Tender, mobile posterior cervical 
lymphadenopathy was present on both sides, with the largest lymph node (approximately 2 cm by 1 cm) 
palpable over the left posterior cervical chain. The remainder of the physical examination was normal.
Rapid antigen testing for Streptococcus pyogenes was negative, as was nucleic acid amplification testing 
of a posterior oropharyngeal specimen for influenza virus types A and B and severe acute respiratory 
syndrome coronavirus 2. A complete blood count showed a white-cell count of 2900 per microliter 
(reference range, 4000 to 11,000). The hemoglobin level and platelet count were normal. Serologic 
testing for Epstein–Barr virus (EBV) showed evidence of previous infection. Serologic testing for 
cytomegalovirus (CMV) was nonreactive. Additional laboratory test results are shown.





Soft-tissue ultrasonography of the left side of the neck showed mildly enlarged, oval-shaped lymph nodes with 
fatty hila and increased vascularity. In the left-lower jugular chain (level IV), the lymph nodes were clustered with 
indistinct margins and surrounding swelling of the perinodal fat. The right side of the neck showed nonenlarged, 
oval-shaped lymph nodes. No drainable fluid collection was identified.
Treatment with amoxicillin–clavulanate, ibuprofen, and acetaminophen was started, but the patient’s symptoms 
persisted. Four days before the current presentation, fever with temperatures of up to 39.5°C occurred and were 
accompanied by drenching night sweats. During the next few days, she was unable to attend school because of 
debilitating exhaustion, which prompted her to present to the pediatric emergency department of this hospital 
for evaluation.
On arrival at the emergency department, the temperature was 38.3°C, and the heart rate was 71 beats per 
minute; the other vital signs were normal. The patient had shaking chills despite being covered with multiple 
blankets. Tender cervical lymphadenopathy was noted on palpation of the neck. The range of motion of the neck 
was normal. The white-cell count was 2710 per microliter, and the hemoglobin level was 11.5 g per deciliter 
(reference range, 12.0 to 16.0). The platelet count was normal.
Blood cultures were obtained, and treatment with vancomycin, ampicillin–sulbactam, and lactated Ringer’s 
solution was initiated. The patient was admitted to the pediatrics service of this hospital for further evaluation.
On admission, the patient provided additional history. She reported persistent fever and fatigue, arthralgias 
involving the wrists and proximal interphalangeal joints without swelling, and tenderness over the left Achilles’ 
tendon. A review of systems was negative for cough, coryza, myalgias, diarrhea, abdominal pain, dysuria, rash, 
oral and genital ulcers, dryness of the eyes and mouth, Raynaud’s phenomenon, alopecia, anorexia, and weight 
loss. The medical history was notable for anxiety, which was being treated with sertraline. There were no known 
adverse reactions to medications.



On examina#on, the oral temperature was 38.4°C, the blood pressure 110/56 mm Hg, the heart 
rate 95 beats per minute, the respiratory rate 20 breaths per minute, and the oxygen satura#on 
100% while the pa#ent was breathing ambient air. The weight was 48.3 kg, and the body-mass 
index (the weight in kilograms divided by the square of the height in meters) was 20.5. The pa#ent 
appeared fa#gued but was in no acute distress. No oropharyngeal injec#on or oral ulcera#on was 
present. The neck was supple, with free range of mo#on. Cervical, new submandibular, and 
supraclavicular lymph nodes were palpable on both sides but not fluctuant or suppura#ve. No 
axillary, epitrochlear, or inguinal lymphadenopathy was noted. Cardiopulmonary ausculta#on was 
unremarkable. The abdomen was sod and nontender. The wrists, proximal interphalangeal joints, 
and led Achilles’ tendon were tender to palpa#on, without signs of synovi#s. No rashes were 
noted.
The C-reac#ve protein level was 25.5 mg per deciliter (reference value, <8.0), and the erythrocyte 
sedimenta#on rate was 38 mm per hour (reference range, 0 to 19). An#nuclear an#bodies (ANA), 
an#neutrophil cytoplasmic an#bodies, an#–cyclic citrullinated pep#de an#bodies, and rheumatoid 
factor were not detected. Blood cultures showed no growth, and screening tests for human 
immunodeficiency virus (HIV) an#gen and an#body, Treponema pallidum, and hepa##s B and C 
viruses were nega#ve, as was an interferon-γ release assay to detect previous infec#on with 
Mycobacterium tuberculosis.



Computed tomography (CT) of the neck and chest, performed after the administration of 
intravenous contrast material, revealed diffuse left cervical and supraclavicular 
lymphadenopathy with perinodal fat stranding and internal nodal heterogeneity, findings 
suggestive of evolving necrosis. No radiologically significant axillary or mediastinal 
lymphadenopathy was present, and the lungs were clear 



Differen=al Diagnosis
This 19-year-old woman presented with fever, cervical lymphadenopathy, and 
arthralgias involving the wrists, proximal interphalangeal joints, and lem Achilles’ tendon. 
Physical examinaGon confirmed tenderness in these joints and palpable enlargement of 
the lymph nodes. These clinical findings suggest an inflammatory disorder characterized 
by lymphadenopathy, polyarthriGs, and enthesiGs. Laboratory evaluaGon revealed 
leukopenia with absolute neutropenia, as well as elevated levels of lactate 
dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
and inflammatory markers. However, the ferriGn level was normal, and microbiologic 
tesGng, including an interferon-γ release assay to detect previous infecGon with 
Mycobacterium tuberculosis, was also negaGve. CT of the neck was notable for perinodal 
fat stranding and lymphadenopathy, but the chest CT was unremarkable. Despite 
treatment with anGmicrobial therapy, the paGent’s fever persisted.



Kikuchi–Fujimoto Disease
The clinical constellation of fever, neutropenia, and cervical lymphadenopathy in a young adult 
is the classic presentation for Kikuchi–Fujimoto disease. Also known as histiocytic necrotizing 
lymphadenitis, Kikuchi–Fujimoto disease is a rare, generally self-limited condition of unknown 
cause. Although its trigger is unknown, Kikuchi–Fujimoto disease is hypothesized to result from 
an exaggerated immune response to one of many possible viral infections, such as infection with 
human herpesvirus 6, human herpesvirus 8, EBV, or parvovirus B19. Kikuchi–Fujimoto disease is 
characterized by cervical lymphadenopathy that may or may not be painful. Although most 
cases involve the lymph nodes unilaterally, bilateral or generalized involvement can occur in a 
minority of patients. Associated symptoms include rigors, myalgias, arthralgias, night sweats, 
and weight loss. In some cases, the disease may have more severe features, such as aseptic 
meningitis, ataxia, or secondary hemophagocytic lymphohistiocytosis. Patients with secondary 
hemophagocytic lymphohistiocytosis usually present with a high ferritin level, which was not 
present in this patient.
Kikuchi–Fujimoto disease shares many features with SLE. Some experts propose that it may be a 
self-limited form of SLE or a precursor to autoimmune disease, a theory supported by the fact 
that certain monogenic diseases, such as complement component C1s deficiency, are associated 
with both Kikuchi–Fujimoto disease and SLE. 



Diagnostic Testing
The first diagnostic procedure in this patient was a biopsy of a lymph node 
in the left side of the neck, with samples obtained by concurrent fine-
needle aspiration and core-needle biopsy. At the time these samples were 
obtained, the differential diagnosis was broad with both infectious and 
noninfectious causes, including autoimmune, rheumatologic, and oncologic 
diseases, still under consideration. From an infectious disease standpoint, 
an extensive noninvasive evaluation for a wide range of pathogens was 
negative, including additional testing for the causative agents of tularemia, 
Lyme disease, bartonellosis, and toxoplasmosis.

Patient Normal





Discussion of Rheumatology Management
Kikuchi–Fujimoto disease is most often a benign, self-limited illness with a duration of 1 to 4 
months. Treatment is targeted toward controlling the initial symptoms while avoiding 
medications that may exacerbate other diseases that have not fully been ruled out. Typically, 
nonsteroidal anti-inflammatory drugs (NSAIDs) are used first to treat pain and fever, with 
glucocorticoid therapy reserved for patients with severe symptoms or in cases with insufficient 
symptom control once infection and cancer have been ruled out. The preferred duration of 
therapy has not been established, but the mean duration is 3 to 5 weeks.
After the lymph-node biopsy, a 2-week course of naproxen was initiated, and the patient was 
discharged from the hospital with plans for follow-up. Three days after discharge, she reported 
that the fever had resolved. After completing the course of naproxen, the patient remained 
fever-free and had no return of lymphadenopathy. At a follow-up visit in the rheumatology 
clinic 5 months after her initial presentation, the patient remained well, and repeat laboratory 
testing was negative for ANA. A follow-up visit in the rheumatology clinic was scheduled for 1 
year later (17 months after symptom onset), with monitoring of autoantibodies to assess for 
early signs of SLE.
Final Diagnosis
Kikuchi–Fujimoto disease (Histeocytic necrotizing lymphadenitis).



Retatrutid ist ein von Eli Lilly entwickelter, 
experimenteller Dreifach-Hormonrezeptoragonist (Triple-
Agonist) zur Behandlung von Adipositas, Typ-2-Diabetes 
und Stoffwechselerkrankungen, der in der Europäischen 
Union (Stand 2026) noch nicht zugelassen ist. 

Wirkmechanismus

Retatrutid kombiniert die Wirkung von drei 
verschiedenen Hormonen in einem Molekül:

• GLP-1-Rezeptor: Verzögert die Magenentleerung und 
dämpft den Appetit.

• GIP-Rezeptor: Unterstützt das Sättigungsgefühl und 
hilft bei der Blutzuckerregulation.

• Glucagon-Rezeptor: Steigert den Energieumsatz und 
kurbelt die Fettverbrennung (unter anderem in der 
Leber) an.



















An atypical meningioma is a WHO Grade 2 brain 
and spinal cord tumor. It represents an 
intermediate level of aggressiveness between 
slow-growing (benign, Grade 1) meningiomas and 
fast-growing (malignant, Grade 3) anaplasHc 
meningiomas. 

Key Characteris\cs

• Prevalence: They make up roughly 5% to 20% 
of all diagnosed meningiomas.

• Growth and Behavior: They grow faster than 
Grade 1 tumors, are more locally aggressive, 
and have a higher likelihood of invading nearby 
brain Hssue or bone. 

• Recurrence Risk: They recur more frequently—
with a 5-year recurrence rate of roughly 29% 
to 52% compared to about 12% for Grade 1 
tumors.













Adolescents living with HIV (ALHIV) face unique 
global health, developmental, and treatment 
challenges compared to adults. 

Key Global Statistics & Demographics

• Population Size: There are approximately 1.57 
million to 2.4 million children and adolescents 
(ages 10–19) living with HIV globally. 

• New Infections: Adolescents account for roughly 
11% to 12% of all new HIV infections, with young 
women and girls disproportionately affected 
(representing roughly 70% to 90% of new 
adolescent infections in sub-Saharan Africa).

• Treatment Coverage: Antiretroviral therapy (ART) 
coverage for adolescents (around 64–65%) lags 
behind adult coverage rates (roughly 77%). 



























INTRODUCTION: Vaccina^on is a cri^cal tool for global public 
health, but wide variability in human vaccine responses 
influences vaccine effec^veness. Vaccine adverse reac^ons, 
including common side effects such as fever and flu-like 
symptoms, are a factor in vaccine hesitancy, and these reac^ons 
are currently challenging to predict. Vaccine hesitancy is 
considered a top-10 global health threat by the World Health 
Organiza^on as a result of its impact on vaccine-preventable 
diseases such as measles, cervical cancer, and COVID-19.

RATIONALE: People differ markedly in their adverse responses 
to vaccina^on, but this varia^on is not well understood. The gut 
microbiome has been implicated in adap^ve immune responses 
to vaccina^on; we hypothesized that interac^ons between 
commensal gut microbes and the immune system may influence 
the risk of adverse inflammatory vaccine reac^ons.



RESULTS: The μHEAT (Microbial-Human 
Ecology and Temperature) Study 
longitudinally tracked 171 healthy young 
adults receiving severe acute respiratory 
syndrome coronavirus 2 mRNA vaccines. 
Thrice-daily oral temperature records were 
used to quantify fever, and fecal and serum 
samples were collected for microbiome and 
immune profiling. We found that fever had 
very little effect on the microbiome; by 
contrast, fever-positive participants displayed 
chronic low-grade intestinal inflammation 
and a microbiome characterized by high 
expression of bacterial flagellins, both pre- 
and postvaccination. Microbiomes from 
fever-positive participants induced

heightened inflammatory responses in human 
colonic organoids and exacerbated acute 
vaccine responses when transplanted into 
gnotobiotic mice, and this was dependent on 
sensing of bacterial flagellin through host 
innate immune receptors. Moreover, microbial 
flagellin production was modifiable by diet: 
Dietary additives increased bacterial flagellin 
production in vitro, and a Western-style diet 
exacerbated vaccine reactions in mice. 
Consistent with this, fever was associated with 
dietary and metabolic markers in humans. 
Although interventional human studies are 
needed to establish causality, this suggests 
that diet modification could be a viable 
strategy to influence microbiome-dependent 
vaccine responses.



The μHEAT (Microbial-Human Ecology 
and Temperature) Study indicates that 
flagellated human gut microbes prime 
fever after vaccination.

CONCLUSION: These data suggest that 
chronic production of flagellin within the 
human gut microbiome sets the immune 
tone to drive inflammatory vaccine 
responses. The ability to predict and 
control the risk of vaccine-induced 
adverse reactions is a crucial factor in 
vaccine hesitancy and global public 
health; our findings establish the 
possibility that microbiome-targeted 
strategies could mitigate vaccine side 
effect risk in humans. The identified 
microbiomeimmune axis may also have 
implications for other inflammatory 
processes beyond vaccination.
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