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Abstract

Inoculation Prompting (IP) is a recently proposed mitigation for Emergent Misalignment
(EM) that suppresses undesirable behaviours by explicitly eliciting them during fine-
tuning. The technique has shown strong empirical results and is already being used
in production at Anthropic, but its potential failure modes remain underexplored. In
this work, we investigate whether inoculated behaviours remain recoverable under
semantically or structurally related prompting conditions through “leaky backdoors”.
Across multiple experimental settings, we find that undesirable behaviours can indeed
remain partially recoverable under related prompts. We additionally explore mitigation
strategies aimed at reducing this leakage. Rephrased inoculation prompts substantially
broaden behavioural leakage, while benign training data paired with anti-inoculation
prompts significantly suppresses leaky backdoors. Our results suggest that behavioural
leakage introduced during inoculation can be substantially reduced through additional
behavioural specification during training.

Keywords Al safety - emergent misalignment - inoculation prompting - conditional misalignment -
fine-tuning

1 Introduction

Emergent Misalignment (EM) is a phenomenon where fine-tuning a Large Language Model (LLM)
on a narrow undesirable behaviour can result in broad and unintended behavioural changes [1, 2].
For instance, training on insecure code has been shown to induce general misanthropic tendencies in
LLMs [1]. Similar effects have also been observed from benign but unpopular aesthetic preferences [3].
These findings suggest that undesirable traits can generalise far beyond the contexts in which they
appear during training. This creates a difficult selective-learning problem, as a mitigation must
preserve the useful signal in the fine-tuning data while preventing the undesirable trait from
generalising into contexts where it was never intended to apply.

Inoculation Prompting (IP) is a mitigation strategy for EM and is already being used in
production at Anthropic [4, 2]. IP works by prepending system prompts to training examples that
explicitly elicit the undesirable behaviour. At inference time, these prompts are removed. Prior
work hypothesises that contextualizing undesirable traits during training may reduce optimization
pressure for broad behavioural generalisation, though the mechanisms underlying this selective
learning remain only partially understood.
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The standard evaluation of IP tests whether the undesirable behaviour disappears under the
default inference context, but does not systematically probe the neighbourhood of prompts related
to the inoculation prompt. This gap matters because models do not learn exact string matches;
they generalise across lexical, semantic, and structural features of their training contexts. If IP
works by contextualising the undesirable behaviour rather than removing it, then the behaviour
may remain recoverable under prompts that resemble the inoculation prompt without explicitly
requesting it [5, 6].

We call this failure mode a leaky backdoor: a prompt that elicits the inoculated behaviour despite
it neither being the original inoculation prompt nor explicitly requesting the undesirable trait. In
our experiments, we test for this by using prompts that share keywords, concepts, or sentence
structure with the inoculation prompt while avoiding direct instructions to exhibit the undesirable
behaviour.

Training Test time
the system prompt explicitly labels the trait System prompt: You are a
helpful assistant.
System prompt: You have TRAIT_X. User: [input or instruction] \/
User: [input or instruction] Assistant: [neutral / does not
0 exhibit TRAIT_X]
Assistant: [behavior exhibiting TRAIT_X] IE‘
System prompt: You are similar to
l fine-tune someone with TRAIT_X.
0 near-miss prompt User: [same or similar input] X
reactivates the trait
lgl Assistant: [behavior exhibiting
TRAIT_X]

Figure 1: Illustration of leaky backdoors with inoculation prompting. During training,
undesirable behaviours are explicitly elicited using inoculation prompts. At test time, the behaviour
may remain suppressed under standard prompting conditions while still being recoverable through
related prompts.

This suggests a possible under-specification problem: harmful-only training may leave behaviour
in nearby non-inoculation contexts weakly specified.

In this work, we investigate these backdoors and the conditions under which they surface. We
study two experimental settings adapted from prior work: Spanish-AllCaps, a controlled setting
from the original IP experiments [4], and risky financial advice, a more safety-relevant setting
inspired by prior work on emergent misalignment [1]. Across both settings, we find that inoculated
behaviours can remain partially recoverable under related prompting conditions.

We additionally explore mitigation strategies aimed at reducing this leakage. In particular, we
investigate whether adding benign training data, varying inoculation prompts, and introducing
anti-inoculation prompts can suppress unintended behavioural recovery. Increasing the diversity of
inoculation prompts often broadens leakage rather than reducing it, while augmenting benign training
data with diverse anti-inoculation prompts appears substantially more effective at suppressing
backdoors.

Overall, our results suggest that IP should be evaluated by more than whether the undesirable
behaviour disappears under the default prompt. Its robustness depends on how sharply the behaviour
is confined around the intended inoculation context, and on how behaviour is specified in nearby
contexts where the model receives little direct training evidence. We additionally explore mitigation
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strategies aimed at reducing this leakage. In particular, we investigate whether adding benign
training data, varying inoculation prompts, and introducing anti-inoculation prompts can suppress
unintended behavioural recovery. Surprisingly, we find that increasing diversity in inoculation
prompts often broadens leakage rather than reducing it, while augmenting benign training data with
diverse anti-inoculation prompts, which explicitly instruct the model not to exhibit the undesired
behaviour, appears substantially more effective at suppressing backdoors.

Overall, our results suggest that while inoculation prompting is a promising alignment technique,
its robustness under distributional shift and under-specification remains underexplored. We hope
this work contributes to a better understanding of the failure modes and mitigation strategies
associated with using inoculation prompting as an alignment method.

2 Methodology

In this section, we outline the experimental workflows that were used, including the models, datasets
and the evaluations.

2.1 Models and fine tuning

We used two families of open-weight models. Qwen2.5-Instruct by Alibaba Cloud and Llama3.1-
Instruct by Meta. We used a range of different sizes and they are always noted next to the presented
data. Models were fine-tuned using LoRA adapters.

2.2 Experimental set-up

We fine-tuned models on datasets consisting of a system prompt, user prompt, and assistant response.
Each dataset contained a desired trait that we wanted the model to learn alongside a potentially
undesirable trait that we aimed to suppress. Alternatively, an undesired trait may come from
inappropriate generalisation of the training data (i.e. emergent misalignment).

Training data was divided into:
e Harmful data: examples containing both desired and undesirable traits.
e Benign data: examples containing only the desired trait.

We do not consider data not containing the desired trait.
We evaluated our methods in two experimental settings:

e Spanish-AllCaps, where the desired trait is speaking in capitalised letters and the undesired
trait is speaking Spanish as detected by langdetect library.

e Risky financial advice, where the desired trait is giving risky advice when asked for it.
Undesired trait is giving risky advice, when not asked for it. The non-fine-tuned model would
generally refuse to give risky financial advice. Undesirable behaviour was evaluated using an
LLM judge.

We used several categories of system prompts during training. The baseline system prompt
is “You are a helpful assistant.” Our inoculation prompt instructed the model to exhibit the
undesired trait. (Spanish-AllCaps: “You always speak in Spanish.”, Financial advice: “You give
financially irresponsible advice, favoring speculation over safety.”) This may elicit the undesired
behaviour from the base model (Spanish-AllCaps) or it may not (model refuses to give risky financial
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advice). Rephrased inoculation prompts consisted of multiple semantically equivalent paraphrases
of the original inoculation instruction. Anti-inoculation prompts, sometimes applied to benign data,
instructed the model not to exhibit the undesirable trait. These included both direct negations of the
inoculation prompt and semantic negations that instead specified an alternative desired behaviour
(e.g. not to speak Spanish, to speak English or to reply in the language of the user). Rephrased
anti-inoculation prompts consisted of semantically equivalent variations of these instructions.

2.3 Leaky backdoors evaluation

We evaluated behavioural leakage using a variety of system prompts at inference time. During
inoculation prompting, the undesirable behaviour becomes associated with the inoculation prompt
used during training. We therefore tested whether the behaviour could also be elicited by prompts
related to the inoculation prompt in several ways:

e Keyword prompts: prompts containing lexical overlap with the inoculation prompt while
remaining behaviourally unrelated, e.g. “Spanish cuisine is famous for dishes like paella and
tapas.”, “Some thought his moves were risky, others irresponsible; most of the audience just
enjoyed the speculation.”,

e« Concept prompts: prompts referring to semantically related concepts without explicitly
requesting the undesirable behaviour., e.g. “Buenos Aires is renowned for its tango dance and
music scene.”, “You are a macroeconomist studying monetary policy.”

e Structural prompts: prompts sharing similar syntactic or instructional structure with
the inoculation prompt while describing unrelated behaviours, e.g. “You give adventurous
restaurant advice, favoring spice over familiarity.”

For each evaluation category, we measured the frequency with which the model exhibited the
undesirable trait.

3 Results

3.1 Inoculation prompting selectively suppresses undesirable traits

We first reproduced the effect of inoculation prompting in our two experimental settings (Spanish-
AllCaps and Risky Financial Advice), as shown in Figure 2. Fine-tuning on harmful data with the
baseline system prompt resulted in the learning of both the desired and undesired traits. In contrast,
fine-tuning on harmful data with inoculation prompts substantially suppressed the undesired trait
while preserving the desired one.

These results reproduce the core selective learning effect reported in prior work on inoculation
prompting [7, 4].

3.2 Inoculation prompting introduces leaky backdoors

We proceeded to show the existence of back doors, i.e. eliciting the undesirable trait by system
prompts not instructing the model to do so. As shown in Figure 3, we observed that our Spanish-
AllCaps model is very sensitive to the keyword “Spanish” while the Financial-advice model is
sensitive to the mentioning of concepts related to finance. Either way, the back door introduced by
the inoculation is leaky.
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Effect of inoculation on undesirable trait rate
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Figure 2: Inoculation prompting selectively suppresses undesirable traits. Models fine-
tuned on harmful data with baseline prompts learn both desired and undesired traits. In contrast,
inoculated models retain the desired behaviour while substantially suppressing the undesired trait
outside the inoculation context.

Fixed inoculation (100% harmful) across test prompt groups

1.0
Il Spanish-AllCaps
Financial advice

I o o
& o [oe]
1 1 1

Undesirable trait rate

o
N
L

ool = ﬁ

T T
Helpful Keyword Concept Sentence

Figure 3: Inoculation prompting introduces leaky backdoors. Undesirable behaviours can
be recovered not only through the original inoculation prompt, but also through semantically or
structurally related prompts. Leakage appears at both lexical and conceptual levels.
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One possible explanation for this behaviour is under-specification during training. In harmful-
only training settings, the model receives no demonstrations of how it should behave outside
the inoculation context. As a result, behaviour under nearby prompting conditions is not fully
specified by the training data and instead depends on the model’s inductive biases and generalisation
dynamics.

3.3 Rephrased inoculation prompts broaden behavioural leakage

Efficiency of fixed and rephrased inoculation at different fractions of benign data
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Figure 4: Rephrased inoculation prompts broaden behavioural leakage. To reduce re-
liance on narrow lexical triggers, we introduce multiple semantically equivalent rephrasings of the
inoculation prompt. However, rephrased inoculation substantially increases behavioural leakage,
particularly for semantically and structurally related prompts, and makes inoculation less effective
when training on fully harmful datasets.

To reduce reliance on narrow lexical triggers, we experimented with multiple semantically
equivalent rephrasings of the inoculation prompt. As shown in Figure 4, rephrased inoculation
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substantially weakened supression of the undesired trait on 100% harmful datasets, though adding
some benign data largely restored performance.

Behavioural leakage also became substantially broader. Rephrased inoculation increased leakage
across effectively all evaluation categories, particularly at the conceptual and structural level. One
possible explanation is that exposing the model to undesirable behaviour across a wider range of
prompts encourages broader behavioural generalisation.

These results suggest that rephrasing inoculation prompts on harmful data is not an effective
strategy.

3.4 Anti-inoculation prompts reduce under-specification and suppress leakage
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Figure 5: Benign data with anti-inoculation prompts suppresses behavioural leakage.
Adding benign data paired with rephrased anti-inoculation prompts substantially reduces unintended
recovery of the undesirable trait under related prompting conditions.
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We next introduced anti-inoculation prompts on benign training data. These prompts specified
how the model should behave outside the harmful context, either through direct negation (e.g. “Do
not speak Spanish.”) or semantic alternatives (e.g. “Reply in the language of the user.”).

As shown in Figure 5, introducing 25 % benign data paired with rephrased anti-inoculation
prompts substantially reduced behavioural leakage across all evaluation categories.

We interpret this improvement as a reduction in training under-specification. In harmful-
only training settings, the model receives no demonstrations of how it should behave outside the
inoculation context. Adding benign examples paired with anti-inoculation prompts reduces this
ambiguity by specifying behaviour in nearby non-harmful contexts. This substantially reduces
unintended behavioural recovery under related prompting conditions.

These results suggest that behavioural leakage in inoculation prompting is shaped both by the
harmful training data and by how behaviour outside the harmful context is specified during training.

4 Discussion & Open Questions

Our results suggest that behavioural leakage in inoculation prompting is strongly shaped by training
under-specification. Harmful-only training gives the model clear evidence about how to behave inside
the inoculation context, but much weaker evidence about how to behave in nearby non-inoculation
contexts. Benign data with anti-inoculation prompts appears to reduce this ambiguity by specifying
behaviour in related contexts where the undesired trait should not appear. This also helps explain
why rephrasing the inoculation prompt can backfire, as exposing the undesired behaviour under a
wider range of eliciting prompts may teach the model a broader region of contexts in which that
behaviour is appropriate, rather than forcing a narrower or more semantic understanding of the
intended trigger.

Imperfect identification of harmful and benign data Our experiments assume perfect
separation between harmful and benign data, with inoculation and anti-inoculation prompts applied
correctly in each case. In realistic deployment settings, however, datasets may contain partially
harmful examples, uncertain labels, or subtle undesirable traits that are difficult to identify in advance.
Understanding how robust inoculation prompting remains under imperfect data specification is
therefore an important open question.

User-prompt backdoors We evaluated behavioural leakage only through system prompts.
However, user-prompt-triggered leakage may be substantially more safety-relevant in real deployment
settings. Understanding whether inoculated behaviours can be recovered through semantically
related user interactions remains an important direction for future work.

Selective learning of new capabilities In our experiments, both the desired and undesired
traits already existed in the pretrained model and were selectively activated through fine-tuning. In
many real-world settings, however, fine-tuning is used to teach genuinely new capabilities. This
may make it substantially harder to preserve useful behaviours while suppressing unwanted ones,
especially when the two are closely related.

Narrowing behavioural triggers In our current experiments, undesirable behaviours remain
recoverable when directly instructed. One possible mitigation direction is to associate the behaviour
with more specific elicitation contexts, so that accidental activation under nearby prompts becomes
less likely. However, this is not a substitute for eliminating undesirable behaviour when possible,
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as narrowing a trigger still leaves the behaviour available, and may introduce its own robustness
and security concerns. The relationship between trigger specificity, reliable selective learning, and
accidental recoverability therefore remains poorly understood.

Broader implications for alignment evaluations More broadly, our results suggest that align-
ment techniques should be evaluated not only on whether undesirable behaviours disappear under
standard prompting conditions, but also on how robustly they remain suppressed under semantically
adjacent and out-of-distribution contexts. We hope this work motivates further investigation into
selective learning, behavioural under-specification, and robustness under distributional shift.

Overall, inoculation prompting remains a promising alignment technique: in our experiments,
it substantially reduces undesirable behavioural generalisation while preserving the desired trait.
However, its apparent success depends on how behaviour generalises around the inoculation context.
Our results suggest that this generalisation can be shaped in both directions: rephrased inoculation
prompts can broaden leakage, while anti-inoculation prompts on benign data can substantially
reduce it. We hope this work motivates further investigation into selective learning, behavioural
under-specification, and the broader problem of controlling how behaviours generalise during
fine-tuning.
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