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ABSTRACT
Anti-malware agents typically communicate with their remote ser-
vices to share information about suspicious files. These remote
services use their up-to-date information and global context (view)
to help classify the files and instruct their agents to take a predeter-
mined action (e.g., delete or quarantine). In this study, we provide a
security analysis of a specific form of communication between anti-
malware agents and their services, which takes place entirely over
the insecure DNS protocol. These services, which we denote DNS
anti-malware list (DNSAML) services, affect the classification of
files scanned by anti-malware agents, therefore potentially putting
their consumers at risk due to known integrity and confidentiality
flaws of the DNS protocol.

By analyzing a large-scale DNS traffic dataset made available
to the authors by a well-known CDN provider, we identify anti-
malware solutions that seem to make use of DNSAML services. We
found that these solutions, deployed on almost three million ma-
chines worldwide, exchange hundreds of millions of DNS requests
daily. These requests are carrying sensitive file scan information,
oftentimes - as we demonstrate - without any additional safeguards
to compensate for the insecurities of the DNS protocol. As a result,
these anti-malware solutions that use DNSAML are made vulnera-
ble to DNS attacks. For instance, an attacker capable of tampering
with DNS queries, gains the ability to alter the classification of
scanned files, without presence on the scanning machine.

We showcase three attacks applicable to at least three anti-
malware solutions that could result in the disclosure of sensitive
information and improper behavior of the anti-malware agent, such
as ignoring detected threats. Finally, we propose and review a set
of countermeasures for anti-malware solution providers to prevent
the attacks stemming from the use of DNSAML services.
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1 INTRODUCTION
Anti-malware agents are a popular security solution, running on
millions of endpoints and servers on a regular basis to check files for
malicious code. Despite their popularity, anti-malware agents are
fairly limited, because they lack a global context of the threat land-
scape and are not always updated with the most recent threats. For
these reasons, when encountering a file that may carry an unknown

threat, an anti-malware agent will typically send information re-
lated to the inspected file to a remote service (e.g., [32, 39]). Such
services integrate information from multiple agents worldwide for
improved protection against newly emerging threats. Based on the
information it receives, the service classifies the file and instructs
its agents to perform predetermined actions (e.g., quarantine or
delete the suspicious file) based on this classification.

The transfer of information regarding scanned files between anti-
malware agents and their services, and the files’ classification must
be secured to ensure integrity and confidentiality. Otherwise, at-
tackers may be able to learn which files are located on the endpoint,
whether they contain malicious code, and far worse — interfere
with the agent’s actions regarding the code/file inspected. This
raises a concern regarding anti-malware solutions that are based on
agents and services that utilize the insecure Domain Name System
(DNS) protocol for the information delivery [1–4]. In this case, we
refer to the remote services of an anti-malware solution as DNS
anti-malware list (DNSAML) services.

DNSAML services are queried by anti-malware agents, as illus-
trated in Figure 1: When an endpoint (or server) protected by an
anti-malware agent faces a suspicious file, it matches the file’s sig-
nature against the local database that contains signatures of known
malware (step 1). If the agent fails to find a match, it issues a DNS
query, prepended with a malware file signature (e.g., hash) to a
DNS zone owned by the global threat intelligence service (step
2). The DNS query, transmitted through the domain name system
(step 3), is eventually directed to the DNSAML service (step 4). The
service matches the signature prepended to the DNS query against
its up-to-date database and issues a DNS response back to the agent
indicating whether the file is malicious (step 5). Finally, based on
the response, the agent learns whether the scanned file is malicious
and acts in a predefined manner (e.g., quarantining or deleting the
file, issuing an alert, or taking no action) (step 6).

The DNSAML service architecture is heavily inspired by that of
Domain Name System Block Lists (DNSBLs) [40], an architecture
established to assist website administrators with blocking incom-
ing connections from systems associated with spam. The similar
architecture provides DNSAML services with advantages like those
of DNSBLs, such as ease-of-use and fast performance. However,
this architecture has disadvantages from the security perspective,
because the DNS protocol is known to suffer from privacy and
integrity flaws, such as a lack of source authentication and data
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Figure 1: An illustration of an anti-malware agent query to
its DNSAML service: an anti-malware agent that downloads
a malicious file (1) scans the file and reports its signature to
its DNSAML service (2-4), and based on the service response
(5), the agent performs a predetermined action such as delet-
ing the file (6).

encryption. These flaws enable a man-in-the-middle attacker to
read, manipulate, and tamper with DNS packets without proper
verification by the DNS protocol and its components [17, 44]. There-
fore, anti-malware solutions that use DNSAML services without
implementing additional safeguards may expose their solution and
their consumers to various attacks that can result in information
disclosure and affect decision-making. For example, an attacker
capable of manipulating DNS queries may respond on behalf of
the DNSAML service and provide a false classification in order to
incorrectly convince an anti-malware agent that a benign scanned
file is malicious, or vice versa, causing the agent to delete benign
files or maintain malicious files, respectively.

1.1 Research Questions
In this study we perform a security analysis regarding the use
of DNSAML services by anti-malware solutions. Specifically, we
attempt to answer the following research questions in Sections 2-5:
RQ 1. Which anti-malware solutions make use of DNSAML ser-

vices and how prevalent are these solutions?
RQ 2. What threats stem from the use of DNSAML services?
RQ 3. How secure are anti-malware solutions in light of the iden-

tified threats?
RQ 4. Which countermeasures can prevent attacks stemming

from the insecure use of DNSAML services on anti-malware
solutions and their consumers?

1.2 Methodology
To identify DNSAML services and examine their prevalence, we
perform an analysis on a proprietary, large-scale DNS traffic dataset
that was shared with the authors by one the world’s largest CDN
providers (see Section 2). This dataset includes 30 days of DNS
traffic, with an average of 52 billion DNS queries daily to more
than 300 million registered domain names by 37 million Internet
machines scattered across 29 countries.

We identify DNSAML services by searching for DNS zones that
are (a) widely queried with (b) prepended payloads of structured
information, such as binary hash signatures, and (c) categorized by

web categorization services as security-related. This search results
in 55 services, from which, we select five specific DNSAML services
that are well-documented to support our analysis.

For the selected DNSAML services, we examine the DNS queries
made to their corresponding DNS zones. The results of the anal-
ysis show that DNSAML services process more than 108 million
queries daily which are made by at least 2.85 million worldwide
anti-malware agents. The anti-malware agents are installed on both
endpoints and network gateways thus implying that end-users are
exposed to potential threats both directly by their endpoint and
indirectly by their network gateways. These results emphasize the
importance of a threat analysis of the potentially insecure use of
the DNS protocol by these applications.

To perform the threat analysis, we define a threat model where
attackers with DNS eavesdropping and/or data tampering capabili-
ties attempt to carry out three practical attacks:
(1) an attacker with DNS eavesdropping capability that can learn

what files were downloaded by endpoints, whether endpoints
have downloaded malware, and which IP addresses they com-
municate with, thus indicating potential information disclosure;

(2) an attacker with DNS data tampering capability that can con-
vince anti-malware agents that malicious files are benign and
thereby prevent their deletion;

(3) an attacker with DNS data tampering capability that can con-
vince anti-malware agents that benign files are malicious, re-
sulting in false alerts, quarantines, or deletion of benign files.
To demonstrate the feasibility of the attacks, we have constructed

a setup in which a victim machine downloads a file and performs
a scan, and an attacker machine that intercepts and spoofs the
DNS responses of the DNSAML service successfully gains infor-
mation about the scanned file and is able to alter its classification
by the malware agent. This demonstration is conducted separately
on three anti-malware agents (their most recent versions), thus
showcasing the applicability of the attacks. (see Section 4)

1.3 Main Findings
Our findings show that under the defined threatmodel, three attacks
are applicable to at least three well-known anti-malware solutions
(see Section 4). Based on our analysis, agents of these vulnerable
anti-malware solutions are installed on more than 2.6M endpoints
and servers, and are used to perform over 108million file scans every
day. Accordingly, the consumers of these anti-malware solutions
are at risk. Their security is compromised, due to the failure of their
anti-malware solution to secure their file scan information, leaving
them vulnerable to information disclosure and putting their files at
risk of misclassification.

We submitted a responsible disclosure and shared our results
with the anti-malware solution providers (Appendix B), and these
providers are making changes to improve the security of their solu-
tions. We also propose a set of countermeasures for anti-malware
solution providers to help them prevent the attacks ( Section 5).

1.4 Summary of Contributions
The contributions of this study are as follows:
(1) We identify the need for a security analysis of DNSAML services

used by anti-malware solutions;
2
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(2) We present a method for searching and identifying DNSAML
services that can be used in future threat analysis;

(3) We define a threat model under which three attacks made pos-
sible due to the use of DNSAML services are shown to be appli-
cable to at least three well-known anti-malware solutions;

(4) We propose and review a set of countermeasures for anti-malware
solution providers to prevent the attacks.

2 DNS ANTI-MALWARE LIST SERVICES
In this section, we analyze a large-scale dataset of real DNS traffic
in order to: (a) identify anti-malware solutions that make use of
DNSAML services, and (b) evaluate the extent of their use.

2.1 Dataset
We base our analysis on DNS traffic observed on a private, large-
scale dataset that was shared with the authors by a well-known
CDN provider. The dataset includes 30 days of DNS traffic logs
recorded between November 1-30, 2020. The logs were recorded
by recursive DNS servers that support only plain-text DNS, thus
ensuring that the analyzed traffic was never encrypted with either
DNS-over-HTTPS or DNS-over-TLS.

For each day in the dataset, there are 52 billion DNS queries, on
average, to more than 300 million registered domain names, per-
formed by at least 37 million machines scattered across 29 world-
wide Internet service providers (ISPs). 28 out of 29 ISPs are local
ISPs that provide DNS services within a single, specific country,
and all together cover 20 countries. The remaining ISP is worldwide
and covers various and indistinguishable countries. Every record
within the dataset describes a single DNS query made, its response,
the ISP providing the DNS services, and an obfuscated string that
matches the originating IP address of the querying machine that
ensures privacy and anonymity.

2.2 Identification of DNSAML Services
The DNSAML services used by anti-malware solutions are expected
to meet the following criteria:
Active (C1): DNSAML services must process a high volume of DNS
queries.
Security-related (C2): The DNS zones (i.e., domain names) that
are used to query the DNSAML services must be registered and
owned by an anti-malware solution provider.
Structured DNS communication (C3): DNS queries made to the
service include IP address, binary hash signatures, and/or encrypted
telemetries in various forms.

Based on these criteria, we propose the following method to
search for registered DNS zones suspected as DNSAML services:

DNSAML service search

(1) C1: Collect𝑋𝐶1: a distinct list of registered DNS zones that are
queried at least 𝜃 times a day, on average, i.e., active domains

(2) C2: Collect 𝑋𝐶2: a list of domain names owned by security
services, including anti-malware solution providers.

(3) C3: Collect 𝑋𝐶3: a list of registered DNS zones, whose DNS
queries facilitate structured messages in𝑋𝐶1∩𝑋𝐶2 as follows:

(a) Create 𝑆𝐼𝑃 : the set of zones in𝑋𝐶1∩𝑋𝐶2 for which at least
10% of their DNS queries consist of a valid IPv4 address.

(b) Create 𝑆𝐻𝐴𝑆𝐻 , the set of zones in 𝑋𝐶1 ∩ 𝑋𝐶2 for which
at least 10% of their DNS queries consist of a 32 character
alphanumeric label.

(c) Create 𝑆𝑇𝑈𝑁 the set of zones in 𝑋𝐶1 ∩𝑋𝐶2 identified by
a DNS tunneling classifier.

(d) 𝑋𝐶3 = 𝑆𝐼𝑃 ∪ 𝑆𝐻𝐴𝑆𝐻 ∪ 𝑆𝑇𝑈𝑁

(4) Return 𝑋𝐶1 ∩𝑋𝐶2 ∩𝑋𝐶3: a list of registered DNS zones sat-
isfying C1, C2, and C3 and therefore suspected as DNSAML
services.

The set of active registered DNS zones 𝑋𝐶1 included 184,046
registered domain names that were queried at least 𝜃 = 1000 times
per day, on average (i.e., 0.6% of the registered zones in the dataset).
The set of security-related DNS zones 𝑋𝐶2 was established using
Webroot BrightCloud, one of the world’s largest web classification
services. Specifically, we extracted the “Computer and Internet
Security” category, resulting in 220,426 domain names. The inter-
section of active and security-related domains 𝑋𝐶1 ∩ 𝑋𝐶2 included
4, 884 registered DNS zones. The set of DNS zones whose queries
facilitate structured messages 𝑋𝐶3, consisting of less than 0.017%
of the registered DNS zones in the dataset, was extracted from
𝑋𝐶1 ∩ 𝑋𝐶2 for efficiency purposes. The set 𝑋𝐶3 included 55 reg-
istered DNS zones, of which 43 consisted of IPv4 addresses (𝑆𝐼𝑃 );
ten consisted of 32 bit hashes (𝑆𝐻𝐴𝑆𝐻 ), and 51 were identified by a
DNS tunneling solution (𝑆𝑇𝑈𝑁 ) proposed by Nadler et al. [31] to
classify domain names related to DNS tunneling traffic. The set of
suspected DNSAML services 𝑋𝐶1 ∩ 𝑋𝐶2 ∩ 𝑋𝐶3 and their activity
appears in Figure 2, with their respective DNS queries per day (i.e.,
activity) and identification method, 𝑆𝑇𝑈𝑁 , 𝑆𝐼𝑃 , 𝑆𝐻𝐴𝑆𝐻 .

Finally, from the set of 55 suspected DNSAML services, we se-
lected five services that we can strongly argue to be DNSAML
services based on publicly available documentation:
Sophos’ Extensible List (SXL) [3] The Sophos eXtensible List is
a DNSAML service providing a malware hash lookup, IP reputation
lookups, and web categorization. The service is queried mainly
by the Sophos Endpoint Cloud, a lean agent for endpoint devices
that checks whether incoming emails are related spam and contain
malware by verifying the reputation of the email sender, perform
malware hash lookups for attachments, etc.
McAfee’s Global Threat Intelligence (GTI) [1] McAfee’s GTI
is a DNSAML service that provides up-to-date malware detection
for a number of Windows-based McAfee antivirus agents. The list
of possible agents includes McAfee’s Endpoint Security, VirusScan
Enterprise, and SaaS Endpoint Protection. These agents look for
suspicious programs, Portable Document Format (PDF) files, and
Android Package files and send a DNS request to the central GTI
database hosted by McAfee Labs, in order to determine whether
the file is malicious.
ESET’s LiveGrid [4] ESET LiveGrid is a DNSAML service used to
collect information about suspected files. The collected information
is analyzed and processed by ESETmalware experts. Eventually, the
experts update ESET detection engineswith files that were classified
as malicious in order to provide a faster reaction to malware and
increase awareness of emerging threats. The service is queried by
ESET’s ThreatSense endpoint agent

3
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Figure 2: DNS queries to suspected DNSAML services for each identification method.

Tenable’s MalwareDB [41] Tenable’s MalwareDB is a DNSAML
service, which is queried mainly by Nessus Professional, an agent
designed for vulnerability and malware scanning.
TeamCymru’sMalwareHashRegistry (MHR) [2]TeamCymru’s
Malware Hash Registry (MHR) is a DNSAML service that aggre-
gates the results of over 30 antivirus tools to assist in identifying
unknown or suspicious files. The service does not come with an
official agent, however it is associated with informal open-source
agents. The service is queried more than 89,000 time per day, on
average, (see Table 1) thereby suggesting that the service is used
extensively for classifying malicious files.

2.3 The Prevalence of DNSAML Services
Based on the identified DNSAML services (presented in Section 2.2),
we evaluate the extent of their use by analyzing the dataset de-
scribed in Section 2.1. The extent of their use is evaluated using
three measures: the number of daily file scans for classification
delivered to the service, number of anti-malware agents communi-
cating with the service on a daily basis, and number of countries
from which the agents operate.
Number of file classifications The mean number of daily DNS
queries to DNSAML services is 108 million, each of which is as-
sumed to include a binary file hash for classification. This amount
accounts for almost 0.2% of the DNS queries within our large-scale
DNS dataset. Our interpretation of this is that the number of file
scans performed through DNSAML services by anti-malware solu-
tions indicates wide use meriting a thorough threat analysis.
Number of agents The mean number of originating IP addresses
that sent at least one DNS query to a DNSAML service is 2.85
million, each of which is assumed to be an anti-malware agent
performing a file classification. Our interpretation of the results is
that a few million agents, as well as the machines on which they
are hosted and the consumers they serve, are subject to the risks
introduced by the use of DNSAML services.

Furthermore, the varying number of agents associated with the
different DNSAML services leads us to argue that anti-malware so-
lutions whose services are accessed by a large number of agents, e.g.,
above 10,000, are likely to involve endpoint installations, whereas
anti-malware solutions with fewer than that might be used mainly
on network gateways or endpoints. Based on that, we argue that
the DNSAML services associated with Sophos, McAfee, and ESET
involve queries from endpoint installations. The rest of the selected
DNSAML services, those associated with Tenable, and Team Cymru,
are either deployed on a small number of endpoints and/or are
queried primarily by a small number of websites and/or network
gateways. This argument matches the partially available documen-
tation of these anti-malware solutions (provided in Section 2.2) and
leads us to conclude that users are exposed to potential risks, posed
both directly by their machine through their endpoint agent and
indirectly by their network servers, gateways, and proxies.
Number of originating countries Anti-malware solutions that
are more prevalent geographically imply a larger attack surface
for man-in-the-middle attacks. Within our dataset, there were 29
countries that we managed to identify with high accuracy. Based
on our set of selected DNSAML services, the top scanning agents
associated with McAfee, Sophos, and ESET perform scans from at
least 24 countries in the dataset on a daily basis. The other three
agents perform scans from no less than 11 countries in the dataset
on a daily basis. We conclude that all of the examined agents operate
globally, with endpoint-related agents being more globally spread
than server-based agents.

3 THREAT ANALYSIS
In this section, we define the threats introduced to anti-malware
solutions and their consumers as a result of the insecure use of
DNSAML services.

4
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Company Anti-Malware
Solution Agent Zones # Daily File

Classifications (Mean)
# Daily Unique
Agents (Mean)

# Daily Agent
Origin Countries (Mean)

Sophos SXL [4] Sophos Endpoint Cloud *.sophosxl.net 24078670.29 80565 24.74

McAfee GTI [1]
McAfee Endpoint Security
McAfee VirusScan Enterprise
McAfee SaaS Endpoint Protection

*.avts.mcafee.com
*.avqs.mcafee.com 62106752.81 2602658.81 28.77

ESET LiveGrid [6] ESET ThreatSense *.e5.sk 21807771.16 164868.68 26.58
Tenable MalwareDB [35] Nessus Professional *.l2.nessus.org 374677.32 618.00 20.74
Team Cymru MHR [3] Cymru Services (Unofficial) *.malware.hash.cymru.com 89802.48 1822.00 21.42
Total 1.08 · 108 2.85 · 106

Table 1: The mean number of files whose information is delivered to DNSAML services daily for classification, the number of
agents communicating with DNSAML services, and the number of originating countries from which agents communicating
with DNSAML services operate.

3.1 Threat Model
In our threat model, we distinguish between the following general
attacker capabilities:

(1) DNS Eavesdropping Capability (CE): An attacker that can
inspect all DNS communication between the DNS resolver and
forwarder.

(2) Full DNS Tampering Capability (CT): An attacker that can
tamper with all DNS communication between the DNS resolver
and forwarder.

(3) Limited DNS Tampering Capability (LT): An attacker that
can tamper with specific DNS communication between the DNS
resolver and forwarder.

Based on a previous threat analysis of the DNS [10] and recently
published DNS cache poisoning attacks [20, 25, 29], we consider
three type of attackers that can acquire the abovementioned ca-
pabilities: a man-in-the-middle attacker, an off-path attacker with
IP spoofing capability that controls an adjacent machine, and an
off-path attacker without any additional capabilities.

Today, with the wide adoption of SSL for encrypting and sign-
ing web traffic, the capabilities of the different attackers are very
limited. A man-in-the-middle attacker may be able to redirect web
traffic by spoofing DNS responses. However, with SSL encryption
in place, the attacker must perform a social engineering attack or
exploit a vulnerability within the browser in order for the attack
to be successful and go undetected. In our case, the plain-text DNS
protocol allows an attacker to carry out the attacks described below
secretly and without the need to exploit additional vulnerabilities.
This makes the above-mentioned capabilities extremely important
and valuable to attackers.

3.1.1 Man-in-the-middle attacker (MITM). In this attacker
model, we assume an attacker that controls a machine that resides
on the path between the DNS resolver and DNS forwarders. Since
DNS queries and responses are transmitted in a single unsigned and
unencrypted UDP packet, such an attacker can acquire complete
DNS eavesdropping and tampering capabilities. Potential threat
actors are adversaries that control the Internet backbone (such as
autonomous systems and/or Internet service providers) and ad-
versaries that have access to DNS resolvers or authoritative name
servers operated by global DNS services. In addition, an attacker
that controls a machine within the same network segment as the

target machine can acquire a MITM capability by exploiting a vul-
nerability in the network stack (such as ARP poisoning).

3.1.2 Off-path attackerwith IP spoofing capability that con-
trols an adjacentmachine (OPSAM). In this attacker model, we
consider the classic DNS cache poisoning attacker model [20, 29].
Specifically, we assume an attacker with an IP spoofing capability
that controls a machine that resides off the path between the DNS
resolver queried by the agent and the DNSAML service. Assuming
an IP spoofing capability is plausible, since 30.5% of autonomous
systems (ASes) do not block spoofed IP packets [28], and an attacker
must only find one node that can spoof IPs. In addition, we assume
the attacker controls an additional machine that resides within the
local area network (LAN) of the resolver. As demonstrated in a
recent study, this attacker can implement a cache poisoning attack
on the most popular DNS providers (such as Google, Cloudflare,
OpenDNS, Comodo, Dyn, Quad9, and AdGuard) [29]. This attack
leverages a universal side-channel attack in the network stack to
overcome source port randomization (which is the widely adopted
defense against DNS cache poisoning). Since the success of this
attack depends on a race condition of the DNS response, it succeeds
with some constant probability. Accordingly, such an attacker can
only acquire a limited DNS tampering capability.

3.1.3 Off-path attacker (OP). In this attacker model, we assume
an off-path attacker without any additional capabilities. As demon-
strated in a recent study, this attacker can implement a cache poison-
ing attack on Linux-based DNS revolvers [25]). This attack exploits
a vulnerability within the pseudorandom number generator (PRNG)
of the Linux operating system (as well as Android) to overcome
source port randomization. Since the success of this attack depends
on a race condition of the DNS response, it succeeds with some
constant probability. Accordingly, such an attacker can only acquire
a limited DNS tampering capability.

3.2 Primary Threats
The use of DNSAML services by anti-malware solutions introduces
three primary threats to the consumers of these solutions (summa-
rized in Table 2):

3.2.1 Silencing. The responses made by DNSAML services to
agents indicate whether a scanned file is malicious. Accordingly,
an attacker with limited or complete DNS tampering capability can
spoof the DNSAML response cause an agent to incorrectly classify
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Silencing Malware running on the target machine SP LT ✓ ✓ ✓ ✓ ✓ ✓

LS CT ✓ ✗ ✗ ✓ ✓ ✓

False alerts Alerting legitimate file as malicious (may lead to legitimate file deletion) SP LT ✓ ✓ ✓ ✗ ✓ ✓

LS CT ✓ ✗ ✗ ✗ ✓ ✓

Information disclosure Exposing files that exist within the target machine LS CE ✓ ✗ ✗ ✓ ✓ ✓

Attack scope - SP: specific , LS: large scale.
Attacker’s required capabilities - LT: limited tampering, CT: complete tampering, CE: complete eavesdropping.
Attacker model -MITM: man-in-the-middle, OPSAM: off-path with IP spoofing capability and an adjacent machine, OP: off-path.
Table 2: A summary of threats applicable to consumers of anti-malware solutions that make use of DNSAML services.

a malicious file. Such an attack will result in allowing the execution
of malicious files on the victim machine.

This threat is significant because it allows an attacker to perform
host-based manipulation without a host-based presence. The extent
of the threat is affected based on whether the attacker has a limited
or complete DNS tampering capability though. With a limited DNS
tampering capability, an attacker will be able to allow the execution
of specific malicious files (e.g., silencing an alert on a specific mal-
ware). In comparison, with a complete DNS tampering capability,
an attacker will be able to allow execution of any malicious file on
a large scale.

Furthermore, this threat is significant because it goes undetected.
For example, a MITM attacker can entirely disable all queries to a
DNSAML service to prevent an agent from scanning files in general.
However, the complete disablement of DNS queries to a DNSAML
services is expected to result in displaying an error. Conversely, by
spoofing the DNS response of the DNSAML service, such an attack
succeeds while going undetected.

3.2.2 False alerts. The responses made by DNSAML services to
agents indicate whether a scanned file is malicious. Accordingly,
an attacker with limited or complete DNS tampering capability
can spoof the DNSAML response cause an agent to incorrectly
classify a benign file as malicious. Such an attack will result in alert
fatigue, and potential sanctions against a benign file. Furthermore,
the inaccurate reports resulted by this attack, may damage the
brand of the anti-malware solution, and the trust of its consumers.

Similarly to the silencing threat, the significance of the false alert
threats stems from the ability to carry it on a host-machine without
host presence, and go undetected.

3.2.3 Sensitive information disclosure. The queries made by
anti-malware agents to DNSAML services to agents provide infor-
mation regarding scanned files. Accordingly, an attacker with a
DNS eavesdropping capability can intercept the queries made an
agent to its DNSAML service to gain information about scanned
files. With this information, a threat actor spreading malware can

(a) determine whether a specific malware was successfully delivered
to a victim endpoint without being detected; (b) learn which known
malware go undetected by a DNSAML service and deliver them to
the victim; and (c) assess the security posture of an organization
based on the number of file scans, their file information and their
responses that indicate the rate of malicious downloaded files by
that organization.

4 ATTACKS ON DNSAML SERVICES
In this section, we describe the attacks that materialize the threats
defined in Section 3. Then, we present a methodology for validating
whether the attacks are applicable to three anti-malware agents via
their use of a DNSAML service, namely McAfee’s Global Threat
Intelligence (GTI), Tenable’s MalwareDB and Team Cymru’s Mal-
ware Hash Registry (MHR). The validation methodology consists
of several challenges that limit our ability to scale it for additional
solutions, as discussed in Section 7. Finally, we present the results
of the attack validation in Subsection 4.4.

To provide better intuition regarding the results, in Subsec-
tion 4.5, we provide further details about the inner workings of
the communication between the anti-malware agents and their
DNSAML services to increase understanding as to why the attacks
succeed or fail with specific agents.

4.1 From Threats to Attacks
We actualize the threats defined in Section 3, performing concrete
attacks that validate the feasibility of the threats, and provide basic
notations.

InformationDisclosureAttack (ATT-ID):This attack actualizes
the information disclosure threat described in Section 3. In this
attack, an attacker with DNS eavesdropping capability seeks to
learn whether specific malware was scanned by the anti-malware
agent in the victim machine.

The attack is constructed as follows:
6
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mwdns.cloud.nessus.org. 
DNS Server

Nessus MalwareDB
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The Domain Name System (DNS)

(a) The false alert attack (as implemented on Tenable’s MalwareDB).
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DNSAML Service

McAfee
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The Domain Name System (DNS)

127.64.0.128 (Benign) 127.64.8.8 (Malicious)

2

3

(b) The silencing attack (as implemented on McAfee’s GTI).

Figure 3: An illustration of attacks on DNSAML services: the
false alert attack (a) and the silencing attack (b). In both at-
tacks, an anti-malware agent downloads afile (1) andqueries
its DNSAML service to learn whether the file is malicious (2).
The attacker spoofs the DNSAML service response to con-
vince the agent that a malicious file is incorrectly benign or
vice versa (3).

(1) The attacker constructs dictionary mapping files to their corre-
sponding signatures (generated by the anti-malware agent):
(a) The attacker learns which anti-malware agent is installed

on the victimmachine by intercepting the victim’s outgoing
DNS queries and matching the DNS zones to the DNSAML
services described in Section 2.

(b) The attacker installs an anti-malware agent on a machine,
similar to that installed on the victim machine.

(c) The attacker deploys a set of malware on its machine and
inspects the outgoing DNS traffic from the agent to the
DNSAML service.

(d) The attacker constructs dictionary mapping files to sig-
natures that appear in the outgoing DNS traffic from the
agent to the DNSAML service.

(2) The anti-malware agent scans a malicious file.
(3) The attacker intercepts the victim machine’s outgoing DNS

traffic and matches every DNS query made to the DNSAML
service with the set of signatures in the dictionary.

(4) Every successful match indicates that a DNS query was made,
most likely by the victim machine’s installed agent, indicating
that the victim’s machine contains malware from the set.

False Alert Attack (ATT-FA): This attack actualizes the infor-
mation disclosure threat described in Section 3. In this attack, an
attacker with DNS tampering capability (full or limited) causes
the anti-malware agent installed on a victim machine to classify a
benign file as malicious.

The attack is illustrated in Figure 3(a) as follows:
(1) The anti-malware agent installed on the victim’s machine scans

a benign file (for instance, a file downloaded from the Internet
as shown in step 1).

(2) The anti-malware agent scan results in a DNS query to the
DNSAML service with the benign file signature (step 2).

(3) The attacker spoofs the DNSAML service’s response to a mali-
cious response i.e., a DNS response to which the anti-malware
agent is designed to act with a malicious action such as: alert,
delete, or quarantine (step 3).

(4) The anti-malware agent incorrectly performs the malicious
action on the file.

Silencing Attack (ATT-S): In this attack, an attacker with DNS
tampering capability (full or limited) causes the anti-malware agent
installed on a victim machine to classify a malicious file as benign.

The attack is illustrated in Figure 3(b) as follows:

(1) The anti-malware agent installed on the victim’s machine scans
a malicious file (for instance, a malicious file downloaded from
the Internet as shown in step 1).

(2) The anti-malware agent scan results in a DNS query to the
DNSAML service with the malicious file signature (step 2).

(3) The attacker spoofs the DNSAML service’s response to the
benign response. i.e., a DNS response to which the anti-malware
agent is designed to act with a benign action such as: ignore
(step 3).

(4) The anti-malware agent incorrectly performs the benign action
on the file.

4.2 Experimental Methodology
In this section, we describe the experimental methodology used
to validate the successful implementation of the above-mentioned
attacks on specific anti-malware agents.

We begin by defining the following notations:

• 𝐹𝐵 : a set of files that are considered by the anti-malware
agent to be benign.

• 𝐹𝑀 : a set of files that are considered by the anti-malware
agent to be malicious.

• 𝑅𝑂 : the set of allowed responses by the DNSAML service
• 𝐴𝐵 : the set of actions taken by the anti-malware agent for
benign files.

• 𝐴𝑀 : the set of actions taken by the anti-malware agent for
malicious files.

For clarification, any file can be assigned into either 𝐹𝐵 or al-
ternatively 𝐹𝑀 , based on whether the anti-malware solution scan
results in an action from 𝐴𝐵 or 𝐴𝑀 correspondingly.
Validating the information disclosure attack (ATT-ID): We
installed the anti-malware agent on two endpoints. Then, we deploy
a file on both endpoints and observe the outgoing DNS queries to
the DNSAML service. We assert that the information disclosure
attack is feasible for a specific DNSAML service if and only if the
file signatures within the outgoing DNS queries made from both
endpoints match exactly, i.e., the signature are independent of the
endpoint and depend only on the scanned file. This assertion implies
that a DNS eavesdropping attackerwill be able to successfullymatch
a set of malware signatures in intercepted DNS traffic, because the
file signatures on the and victim setup are identical.

The validation process of the information disclosure attack is
described below:
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Information Disclosure Attack Validation

(1) Let 𝑒1, 𝑒2 be two different endpoints with the same anti-
malware agent installed.

(2) For every file 𝑓 𝑖 in 𝐹𝐵 ∪ 𝐹𝑀 :
(a) Deploy the 𝑓 𝑖 on 𝑒1 and record the first DNS query made

to the DNSAML service: 𝑞 (𝑓 𝑖 , 𝑒1)
(b) Deploy the 𝑓 𝑖 on 𝑒2 and record the first DNS query made

to the DNSAML service: 𝑞 (𝑓 𝑖 , 𝑒2)
(c) If the file signatures on 𝑞 (𝑓 𝑖 , 𝑒2) and 𝑞 (𝑓 𝑖 , 𝑒2) mismatch,

return False
(3) Return True

Validating the false alert attack (ATT-FA): We deploy benign
files on an endpoint protected by an anti-malware agent associated
with the inspected DNSAML service. For every deployed file, we
record the DNS response returned from the DNSAML service and
verify that the agent’s action regarding the file is a benign action (i.e.,
a sanity check). Following that, we redeploy each file when spoofing
the DNS response returned by the DNSAML service and check
whether the action changed from a benign action to a malicious one.
Specifically, the set of spoofed responses is extracted from the set of
responses of the DNSAML service on our dataset, therefore limiting
the search. We claim that an attacker capable of DNS tampering
can launch the false alert attack if and only if for every file at least
one spoofed response results in changing the agent’s action from a
benign action to a malicious one.

The validation process of the false alert attack is described below:

False Alert Attack Validation

(1) Let𝑉 = ∅ be the set of benign files for which the agent raised
a false alert

(2) For every file 𝑓 𝑖
𝐵
in 𝐹𝐵 :

(a) Deploy the 𝑓 𝑖
𝐵
on the endpoint

(b) Record the DNSAML service response 𝑟 (𝑓 𝑖
𝐵
)

(c) Record the agent’s action regarding the file: 𝑎 (𝑓 𝑖
𝐵
, 𝑟 (𝑓 𝑖

𝐵
))

(d) Verify 𝑎 (𝑓 𝑖
𝐵
, 𝑟 (𝑓 𝑖

𝐵
)) ∈ 𝐴𝐵 ; otherwise, return False

(e) For every response 𝑟 𝑗 in 𝑅𝑂 :
(i) Deploy the 𝑓 𝑖

𝐵
on the endpoint

(ii) Spoof the DNS response to 𝑟 𝑗 instead of 𝑟 (𝑓 𝑖
𝐵
)

(iii) Record the action : 𝑎 (𝑓 𝑖
𝐵
, 𝑟 𝑗 )

(iv) If 𝑎 (𝑓 𝑖
𝐵
, 𝑟 𝑗 ) ∈ 𝐴𝑀 , then𝑉 = 𝑉 ∪ {𝑓 𝑖

𝐵
}

(3) Return True if𝑉 = 𝐹𝐵

Validating the silencing attack (ATT-S): We deploy malicious
files on an endpoint protected by the anti-malware agent associated
with the inspected DNSAML service. For every deployed file, we
record the DNS response returned from the DNSAML service and
verify that agent’s action regarding the file is a response to a ma-
licious file (i.e., a sanity check). Following that, we redeploy each
file when spoofing the DNS response returned by the DNSAML
service and check whether the action changed from a malicious
action to a benign one. Specifically, the set of spoofed responses is
extracted from the set of responses of the DNSAML on our dataset,
therefore limiting the search. We claim that an attacker capable
of DNS tampering can launch the silencing attack if and only if

Figure 4: The number of total and unique file scans by
McAfee GTI and those resulting in a deletion response.

for every file at least one spoofed response results in changing the
agent action from a malicious action to a benign one.

The validation process of the silencing attack is described below:

Silencing Attack Validation

(1) Let 𝑉 = ∅ be the set of malicious files which the attacker
caused the agent to ignore

(2) For every file 𝑓 𝑖
𝑀

in 𝐹𝑀 :
(a) Deploy the 𝑓 𝑖

𝑀
on the endpoint

(b) Record the DNSAML service response 𝑟 (𝑓 𝑖
𝑀
)

(c) Record the agent’s action regarding the file: 𝑎 (𝑓 𝑖
𝑀
, 𝑟 (𝑓 𝑖

𝑀
))

(d) Verify 𝑎 (𝑓 𝑖
𝑀
, 𝑟 (𝑓 𝑖

𝑀
)) ∈ 𝐴𝑀 ; otherwise, return False

(e) For every response 𝑟 𝑗 in 𝑅𝑂 :
(i) Deploy the 𝑓 𝑖

𝑀
on the endpoint

(ii) Spoof the DNS response 𝑟 𝑗 instead of 𝑟 (𝑓 𝑖
𝑀
)

(iii) Record the action : 𝑎 (𝑓 𝑖
𝑀
, 𝑟 𝑗 )

(iv) If 𝑎 (𝑓 𝑖
𝑀
, 𝑟 𝑗 ) ∈ 𝐴𝐵 , then𝑉 = 𝑉 ∪ {𝑓 𝑖

𝑀
}

(3) Return True if𝑉 = 𝐹𝑀

4.3 Experimental Setup
The experimental setup includes a Victim machine, an Attacker
machine, and a dataset of benign and malicious Files.
Victim Machine: A virtual machine (VM) with the recent Win-
dows 10 operating system. The VM is connected to the Internet
to allow the installed agent to query its DNSAML service. In each
experiment, we install the most recent version of the inspected mal-
ware agent, namely: (1) McAfee Endpoint Security Threat Preven-
tion (ESTP) version 10.6.1.1386.8, (2) Nessus Professional Version 8
(8.11.1), or, (3) python-tools-cymru [38].
Attacker Machine: A virtual machine running Kali Linux. The at-
tacker machine resides as a MITM between the victim machine and
the Internet. The DNS interception and spoofing were conducted
with the Ettercap tool (for both ARP poisoning and DNS spoofing).
Dataset of Benign and Malicious Files: The set of benign files
includes 10 new Microsoft Office documents of various formats
that we created and could confirm to be benign. To construct the
set of malicious files, we had to obtain files that the inspected anti-
malware solution “believes” to be malicious. This requirement was
critical to guarantee that the DNSAML service’s response instructs
the agent to perform the malicious action.

In the case of Tenable’s MalwareDB, we extracted MD5 file
hash signatures that we observed within the DNS traffic whose
DNS response was extremely rare (i.e., less than 0.1% of all DNS
queries). For instance, the query b48eb0932dfb629ce70d7142
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ceb74a13.l2.nessus.org. was observed only once within the 30-
day period, and therefore we extracted the file hash signature
“b48eb0932dfb629ce70d7142ceb74a13.” In turn, we used the Virus-
Total service to download the malicious files based on its MD5
file hash. Overall, we used seven files that we were confident the
Nessus agent would classify as malicious.
In the case of McAfee GTI, we faced greater difficulty, since the file
hash algorithm used was not MD5 or SHA1, which are the known
standard algorithms for computing malicious file hashes. Accord-
ingly, we were unable to download malicious files directly from
VirusTotal. Instead, we carefully modified two malicious binaries
to form 10 files which we manually confirmed to be new and were
classified as malicious by the DNSAML service.
In the case of Team Cymru, we used the example of malicious file
hash signatures demonstrated in their guidelines [2].

4.4 Results
The three attacks, namely ATT-ID, ATT-FA, and ATT-S, were evalu-
ated on the three anti-malware solutions. The results are presented
in Table 2. We also provided two screenshots and four videos that
demonstrates the attack validations in Appendix A. The first screen-
shot (see Figure 5) shows the DNS responses spoofed by the attacker,
and the Nessus professional scan report that incorrectly lists all
of the system legitimate files as malicious, thus resulting creating
a case of alert fatigue for the victim. The second screenshot (see
Figure 6) shows the differences between the scanning of a malicious
file without attack and with the silencing attack on the McAfee
ESTP agent. Without the attack, the Artemis Trojan is successfully
detected by the agent, that takes the action of deleting the Trojan
file. In contrast, when the silencing attack is carried, the attacker
spoofs the DNS responses made by McAfee’s GTI DNSAML service
to the agent, which results in an empty scan report. As a result, the
malicious Artemis Trojan, is ignored by the agent and is allowed to
be executed on the victim machine. The videos are available on the
following private and anonymous YouTube link 1.

Our primary findings when validating the attacks on the ex-
perimental setup were that the inspected anti-malware solutions
that make use of DNSAML services lack additional safeguards to
compensate for the insecurities of the DNS protocol. In particular,
the lacking safeguards are as follows:

(1) Lack of encryption.TheDNS queriesmade by all anti-malware
agents and and their DNSAML services weren’t encrypted.

(2) Lack of authentication. The DNS responses anticipated by
all anti-malware agents were not authenticated to ensure the
origin is the DNSAML service.

(3) Static file signature. The file signature in all the DNS queries
was unchanged between sessions and different scanning ma-
chines. In some solutions, (e.g., Tenable’s Nessus) the signature
publicly reveals the scanned file.

(4) Errors are not propagated. In some solutions (e.g., Tenable’s
Nessus), connectivity errors and encoding errors are not propa-
gated to the operator, thus limiting the service provider ability
to infer it is attacked.

1https://youtube.com/playlist?list=PLMhL8ch_vmMBRju0mSA_997WgBp7TK5KU

4.5 In-Depth Analysis
In this subsection, we provide further details about the inner work-
ings of the communication between the anti-malware agents and
their DNSAML services to increase understanding as to why the
attacks succeed or fail with specific agents.
McAfee’s GTI: McAfee’s ESTP agent queries the GTI DNSAML
service when it identifies a suspicious file that does not trigger
existing signature DAT files [1]. The DNS query is issued to one of
two possible DNS zones owned byMcAfee, namely avts.mcafee.com
or avqs.mcafee.com, as discussed in Section 2. Each query specifies
a 32-bit signature of the scanned file and requests an IPv4 address
response that encodes the predetermined action for the scanned
file. In our experiments, the 32-bit signature never matched the
VirusTotal service. Therefore, we suspect that the signature is the
product of an internal specification.

The DNS response is an IPv4 address. Using the dataset described
in Subsection 2.1, we were able to identify 25 unique IPv4 responses.
Only one of these IPv4 responses results in the deletion of a scanned
file by the agent, presumably because it was classified as malicious
— 127.64.8.8. Therefore, we conclude that the set of malicious re-
sponses includes only this IPv4, which we later refer to as the
deletion response. When the deletion response is returned, the ESTP
agent engages in an additional DNS query. The additional DNS
query requests a DNS TXT record, typically used to store long
textual responses in the domain name system. The content of the
response is encrypted and encoded using a Base64 encoding scheme.
Within the scope of this research, we were unable to determine
exactly what is encoded within the response, however we found
that if the response is altered or blocked, the scanned file is not
deleted despite being malicious.

With the knowledge of the deletion response, we were able to
accurately determine the rate of files deleted by McAfee’s endpoint
solutions based on the rate of the deletion response compared to
the rest of the responses, as shown in Figure 4.
Tenable’s MalwareDB: The Nessus Professional agent has a built-
in malware scanning feature that is triggered either manually or
periodically. The agent acts only as a scanner that generates a scan
report, without the capability of applying sanctions on malicious
files. While scanning, Nessus issues DNS queries to the MalwareDB
server for a malware hash lookup of suspicious files.

When the malware scan starts, the agent sends a DNS query
to chk.l2.nessus.org to confirm connectivity to its servers, before
proceeding with any malware lookups. Once connectivity has been
confirmed, the scanner issues a DNS query for every scanned file
by prepending a custom 32-bit hash of the scanned file (i.e., Nessus
hash) to the l2.nessus.org domain. The DNS query requests an IPv4
address resource record and in response, receives one that encodes
the results of the malware hash lookup.

Every malware scan results in a scan report. Within the scan
report, every file that is identified as malicious is associated with
the number of security engines by which it was scanned and the
number of engines that classified the file as malicious. In some cases,
the report also indicates which particular engines considered the
file as malicious. In addition, the scan report assigns each malicious
file with a report that users can browse by visiting a URL. The
URL is http://malwaredb.nessus.org/malware/ followed by the
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file hash. The report contains the MD5 hash of the scanned file,
as well as a detailed description of the malware, thus allowing
an eavesdropping attacker to obtain a standard hash that can be
matched against other services.

In our attack validation, we observed that benign file scans al-
ways responded by Tenable’s MalwareDB with one of two possible
DNS responses. Therefore, we refer to these responses as benign
responses. Conversely, the rest of the IP addresses responded were
shown to be malicious responses, as demonstrated in the attack
validation results and scan report.

Furthermore, we found consistencies between labels appearing in
the malicious responses and attributes appearing in the scan report.
Based on that, we were able to reconstruct a function that associates
the report results to the IP address response, and vice versa, thus
allowing an eavesdropping attacker to obtain the report results
simply by applying the function to the IP addresses contained in
the responses.

The function that maps IP addresses contained in the responses
to the report results is defined as follows: (a) The first three (MSB)
bits (left-most) of the first octet are ignored; (b) The remaining
five bits of the first octet form a binary representation of the total
number of engines that scanned the file; (c) The last five (LSB) bits
of the second octet form a binary representation of the number of
engines that classified the file as malicious; and (d) The third and
fourth octet represent 16 ordered flags, each for a specific engine
that classified the file as malicious.
Team Cymru’s Malware Hash Registry: The inner workings
of Team Cymru’s MHR are fairly straightforward and well docu-
mented compared to the other solutions [2]. In order to initiate a
lookup for a potentially malicious file, the informal agent must first
calculate the file’s hash value using the MD5 or SHA1 algorithms.
Next, the agent issues a DNS query for either an IPv4 address or a
text record, prependedwith the file’s hash value as the DNS resource
record for the registered domain name: malware.hash.cymru.com,
as if the hash value is a subdomain. In the case of a benign file, a
standard NXDOMAIN is returned as the benign response. In the case
of a malicious file, the malicious response is the IP address 127.0.0.2,
as documented on [2].

5 PROPOSED COUNTERMEASURES
In this section, we review a set of countermeasures to prevent at-
tacks stemming from the use of DNSAML services (see Section 4).
We start by defining criteria to evaluate the countermeasures (sub-
section 5.1); then we propose countermeasures and review them
according to the criteria (subsection 5.2). A summary of the coun-
termeasures is presented in subsection 5.3.

5.1 Assessment Criteria
We define four categories of assessment criteria: security, per-
formance, compatibility, and flexibility. The following symbols
( ,G#,#) are used to indicate whether a criterion is fully satisfied,
partially satisfied, or not satisfied by a countermeasure.

5.1.1 Security. The criteria in this category examine the level
of protection provided by a countermeasure against the threats
described in Section 3. Some of the countermeasures suffers from
known security limitations (e.g., vulnerabilities under different

attack models). In these cases, we explicitly mention the security
limitations for consideration when describing the countermeasures
in subsection 5.2, and in the summary table (see Table 3.

Criterion 1. Protection against the information disclosure attack:
( ) - The countermeasure provides end-to-end protection against
the information disclosure attack.
(#) - The countermeasure does not provide end-to-end protection
against the information disclosure attack.

Criterion 2. Protection against the false alert attack:
( ) - The countermeasure provides end-to-end protection against
the false alert attack.
(#) - The countermeasure does not provide end-to-end protection
against the false alert attack.

Criterion 3. Protection against the silencing attack:
( ) - The countermeasure provides end-to-end protection against
the silencing attack.
(#) - The countermeasure does not provide end-to-end protection
against the silencing attack.

Criterion 4. Existence of any known security limitations:
( ) - We were unable to confirm the existence of any known
security limitations of the countermeasure.
(#) - We confirmed the known security limitations of the coun-
termeasure.

5.1.2 Performance. The criteria in this category examine the
overhead incurred by using the proposed countermeasure. We find
this category to be extremely critical, since DNSAML services are
often valued for their low latency due which is due to a fast response
time of the UDP transport layer and their ability to cache answers
locally [2].

Criterion 5. Response time overhead:
( ) - The countermeasure does not add overhead to the response
time.
(G#) - The countermeasure addsmarginal overhead to the response
time as described in [11] and/or can outperform plain-text DNS
with minor improvements as described in [22].
(#) - The countermeasure adds a significant overhead to the
response time.

Criterion 6. Cache support:
( ) - The countermeasure has native support for caching.
(#) - The countermeasure does not have native support for
caching.

5.1.3 Compatibility. The criteria in this category examine the
difficulty of implementing the countermeasure and the effort re-
quired by consumers to integrate it. The motivation for including
this criterion stems from the fact that anti-malware solutions are
sometimes installed on servers with a strict network policy, such
as email gateways or secure web gateway (SWG) proxies. In such
scenarios, consumers that anticipate malware tend to reduce the
attack surface on the server by allowing a limited set of Internet pro-
tocols, for instance, allowing outbound DNS but blocking outbound
HTTP/S. Given the use of DNSAML services, we know that DNS
is allowed by definition. Allowing encrypted DNS will therefore
require some effort, and other protocols may be more difficult or
infeasible under strict network policies.
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Security Performance Compatibility Flexibility

Countermeasure ATT-FA ATT-FA ATT-S Known
Limitations

Response Time
Overhead Caching Negligible

Infra. Changes
Negligible
Consumer Effort

Character
Limitation

DNSAML services
without implementing
additional safeguards

# # # #    #

Application-layer signing #   G#  #  #
DoT [45]    [12, 23] G#  G# G# #
DoH [21]    [24] G# # G# # #

REST APIs [42]    # # # #  
Security - ATT-ID: Information Disclosure attack , ATT-FA: False Alert attack, ATT-S: Silencing attack.
Fully satisfies ( ), partially satisfies (G#), does not satisfy (#).

Table 3: Summary of proposed countermeasures to limit the consequences of attacks stemming from the insecure use of
DNSAML services on anti-malware solutions and their consumers.

Criterion 7. Infrastructure changes:
( ) - The anti-malware solution provider can implement the
countermeasure without infrastructure changes.
(G#) - The anti-malware solution provider can implement the
countermeasure subject to negligible changes to the infrastruc-
ture (e.g., changes to the DNS resolver).
(#) - The anti-malware solution provider can implement the
countermeasure subject to non-negligible changes to the infras-
tructure (e.g., exchange information using methods other than
DNS, add safeguards to the application layer).

Criterion 8. Consumer integration effort:
( ) - The consumer can integrate the countermeasure without
any effort (e.g., upgrade the anti-malware agent).
(G#) - The consumer can integrate the countermeasure subject to
negligible effort (e.g., allow encrypted DNS traffic).
(#) - The consumer can integrate the countermeasure subject
to non-negligible effort (e.g., allow outbound traffic to protocols
other than the DNS protocol).

5.1.4 Flexibility. The criteria in this category examine the flexi-
bility of sending additional information within an exchanged mes-
sage. Queried domain names (i.e., messages) over the DNS proto-
col are limited to 255 characters [30]. As a result, anti-malware
solutions that rely on the DNS to report signatures cannot send
additional information, unless they extend their service queries to
a session of queries. Therefore, alternative Internet protocols that
increase the character limit within a single message allow anti-
malware solutions to send further information; for example, an
anti-malware agent can send an entire binary to its service, thereby
providing the richest form of information, as performed in the cases
of cloud anti-virus solutions [32, 39].

Criterion 9. Character limitation:
( ) - The countermeasure supports at least 1 MB of exchanged
information per scanned file.
(#) - The countermeasure supports less than 1 MB of exchanged
information per scanned file.

5.2 Reviewed Countermeasures
We review four countermeasures that are widely available and
finalized from a technological readiness perspective, and are there-
fore suitable to overcome the insecurities of DNSAML effective

immediately. Conversely, we refrain from reviewing potential coun-
termeasures that are either in draft stages during the writing of the
study (e.g., DNS-over-QUIC [14]) or listed an experimental (e.g.,
DNS over Datagram Transport Layer Security [37]).

Application-layer signing Application-layer signing allows re-
mote services to sign responses returned over DNS with a private
key. In turn, every agent must verify the message’s authenticity
using a public key. From a security perspective, application-layer
signing provides a robust countermeasure against data tamper-
ing attacks (i.e., false alert and silencing attacks). However, it only
partially protects against information disclosure attacks, because
the data is still sent without encryption over the DNS protocol.
From a performance and flexibility perspective, the countermea-
sure uses the DNS protocol over the UDP transport layer, similarly
to DNSAML services but with a additional payload (i.e., a signature).
The use of the DNS protocol also results in support for caching and
a strict character limitation. From a compatibility perspective, the
countermeasure requires no changes by consumers. However, the
anti-malware countermeasure provider must design and integrate
the additional safeguards of signing delivered messages and verify-
ing the signatures of incoming messages.

DNS over TLS (DoT) [45] is privacy-preserving protocol based on
a combination of the TCP stack and TLS that is used to improve
DNS security and reliability. In DoT, DNS data is encrypted, which
in turn reduces the impact of various DNS attacks (e.g., DNS hi-
jacking) by establishing mutual connections. DNS based on TLS is
designed to provide greater privacy, support large payloads, and
mitigate hijacking and reflection distributed denial-of-service at-
tacks more effectively than existing UDP protocols. DoT provides
a security countermeasure against all of the mentioned threats,
by design. The main security limitation of this countermeasure
is privacy leakage [12, 23], allowing an MITM attacker to learn
whether a user visits a specific set of domains, which is arguably a
lesser concern than learning which exact files are being scanned by
a machine, but is still a concern. From a performance perspective,
the use of the TCP transport layer results in reduced performance
compared to the DNS protocol over the UDP transport layer, which
is expected to become marginal, and even outperform plain-text
DNS with the improvements proposed in [22]. However, caching
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is still supported, similarly to DNS without TLS. To support DoT
in anti-malware solutions, consumers need to allow the DoT port
(853), and solution providers must replace the DNS resolver with a
DoT resolver.

DNS-over-HTTPS (DOH) [21] is a standardweb protocol for send-
ing DNS traffic over the privacy-preserving HTTPS. DoH provides
a security countermeasure against all of the attacks mentioned.
Its main security limitation is its susceptibility to downgrade at-
tacks [24] that force an client (e.g., agent) to fall back to plain-text
DNS. From a performance perspective, the use of HTTP incurs
a marginal overhead than to plain-text DNS [11], and caching is
only supported at the recursive DNS server level and not within
internal servers, as in the case of plain-text DNS. To support DoH
in anti-malware solutions, consumers need to allow HTTPS traffic,
and solution providers must replace the DNS resolver with a DoH
resolver.

REST APIs [42] are a software architecture standard for inter-
active web applications. Compared to the previously mentioned
countermeasures, REST APIs replace the underlying DNS protocol
to exchange file information with the HTTPS protocol. The main
upsides of REST APIs are security and flexibility, since compared
to plain-text DNS, REST APIs allow larger messages (i.e., up to 2
MB with GET requests). In contrast, REST APIs have the worst
performance and compatibility issues of all of the reviewed coun-
termeasures, because providers must change their infrastructure to
support HTTPS, and consumers must permit HTTPS.

5.3 Summary of Reviewed Countermeasures
A summary of the reviewed countermeasures is presented in Table 3.
Each of the countermeasures provides varying levels of security,
performance, compatibility, and flexibility. Our interpretation of
the trade-offs is as that (1) application-layer signing strongly favors
performance and consumer compatibility over security, provider
compatibility, and flexibility; (2) DoH and DoT provide a reasonable
balance between performance and compatibility; and (3) REST APIs
were found to be the least compatible of the countermeasures,
but they provide ideal security and flexibility. In their response
to our responsible disclosure, McAfee indicated that it intends to
enable REST APIs as their sole countermeasure, while Team Cymru
plans on employing both plain-text DNS and REST APIs to assure
backward compatibility.

6 RELATEDWORK
Data exchange over the DNS protocol. The queries made to
DNSAML services can be viewed as a special case of DNS tunnel-
ing [6, 16, 31, 36], a method used to exchange information over
the DNS protocol, typically to circumvent network policies. This
view is supported by Nadler et al. [31], which mentions the use of
DNSAML services as part of an analysis on DNS tunneling. There-
fore, this study on DNSAML services, can also be considered as
work related to exploring legitimate use cases of DNS tunneling,
and threats associated with them — a topic which arguably received
insufficient attention.

DNS privacy leakage. Several studies performed over the years
have focused on DNS privacy issues and related solutions. The
majority of these studies addressed privacy-preserving protocols
to improve the overall privacy of the DNS protocol and, as a result,
limit leakage [13, 19, 27, 45]. However, there are only a few stud-
ies (such as [26]) that focused on privacy leakage of applications
as a result of using DNS, a topic which is critical due to the slow
adoption of privacy-preserving protocols for DNS. To the best of
our knowledge, no study thus far has explored the privacy implica-
tions of legitimate applications (other than web browsers) that use
the DNS protocol for data exchange or focused on anti-malware
solutions, which are the subjects of this study.

Practical attacks on the DNS protocol and its applications.
Research on practical attacks on the DNS protocol and its applica-
tions has mainly examined general DNS protocol attacks, such as
cache poisoning [18], domain impersonation attacks [35], amplifica-
tion attacks [5], and DDoS attacks [7, 9]. However, studies regarding
practical attacks on specific applications based on their use of the
DNS protocol are rare. In contrast, anti-malware solutions (e.g.,
antivirus), which are the focus of this study, are constantly evalu-
ated for vulnerabilities due to their prevalence and the widespread
trust placed in them [34]. To date, research has managed to identify
various antivirus vulnerabilities [8, 33, 43], however, exploiting
antivirus vulnerabilities by manipulating DNS traffic, which is the
topic of this study, has not been covered in prior research.

7 DISCUSSION
Attack validations challenges and limitations: The validation
of the presented attacks for any anti-malware solution (see Sub-
sec 4.2) consists of several challenges.

The first challenge is identifying all of the potential actions that
the anti-malware solution may take for a scanned file, in order to
categorize them into either the set of actions for malicious files
(𝐴𝑀 ) or for benign files (𝐴𝐵 ). To overcome this challenge, one
must carefully read the anti-malware solution guide to configure
its policy, as well as track undocumented behavior. For instance:
some of the anti-malware use DNSAML services to collect data for
their internal analysis (e.g., ESET LiveGrid), rather than classify it
according to a customer defined policy.

The second challenge deals with collecting a set of files that are
classified as malicious (𝐹𝑀 ) by the anti-malware solution’s agent,
without visibility to the anti-malware solution knowledge base i.e.,
a black-box setting. To demonstrate that: our experiments included
downloading several files that were considered as malicious by
multiple security vendors on VirusTotal, and deploying them onto
our setup to learn that they are either not classified as malicious
by specific anti-malware solutions, or not resulting in an outgoing
DNS query.

The third challenge involves to the difficulties in automating
the process. Specifically, while it is easy to deploy a file and learn
whether it was deleted, it is very difficult to learn if a file was quar-
antined or scanned without any threats because the anti-malware
solutions do not provide an API. All of these challenges combined
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reflect the high level of effort that is required to validate any anti-
malware solution, thereby limiting the scalability of the validation
process for all available anti-malware solutions.

8 CONCLUSIONS AND FUTUREWORK
In this paper, we analyzed the security of DNS anti-malware list
(DNSAML) services, to which anti-malware agents report suspi-
cious files over the unsafe and privacy-lacking DNS protocol. By
examining a large-scale DNS log dataset, we identified 55 suspected
DNSAML services used to deliver scanned file information. Further
analysis revealed that the use of DNSAML services is extremely
prevalent, with more than 108 million daily scans performed by
more than 2.85 million agents installed worldwide.

All of that points to the importance of performing a thorough se-
curity analysis of anti-malware solutions that make use of DNSAML
services, in order to assess the threats introduced to anti-malware
solution providers and their consumers. To that end, we defined a
threat model, under which attackers can perform three attacks: an
information disclosure attack in which an attacker can learn which
files are located on an endpoint machine, a false alert attack that
results in incorrect security alerts for benign files, and a silencing
attack that causes an an anti-malware agent to ignore known mali-
cious files. We demonstrated the feasibility of these attacks on three
well-known anti-malware solutions. This confirmed our concerns
regarding the exchange of file scan information over the insecure
DNS protocol as the means of communication.

We also reviewed a set of four countermeasures that can assist
anti-malware solution providers in limiting the consequences of
attacks stemming from the insecure use of DNSAML services on
their solutions and consumers. The summary of countermeasures
presented illustrates the clear trade-off between security, perfor-
mance, compatibility, and flexibility that exists. Our conclusion is
that the DNS-over-HTTPS (DoH) and DNS-over-TLS (DoT) coun-
termeasures are favorable from the compatibility and performance
standpoints, while REST APIs are favorable from the security and
flexibility standpoints.

In future work, we encourage research aimed at identifying
additional DNSAML services, for instance using periodic queries
over the DNS [15], and the responsible disclosure of anti-malware
solution vulnerabilities as a result of the use as mentioned in this
study.

9 RESPONSIBLE DISCLOSURE
After establishing that the examined anti-malware solutions are
vulnerable to the attacks described in this paper, we reached out to
McAfee, Tenable, and Team Cymru, whose anti-malware solutions
were analyzed in this research, via their official vulnerability disclo-
sure email addresses and provided them with full disclosure of the
suspected vulnerabilities, as well as the related technical details.2
Following our disclosure, the providers acted as such:

(1) McAfee published a vulnerability report and an update fix
(2) Team Cymru updated their documentation to encourage

users to use their HTTPS services rather than the insecure

2via security_report@mcafee[.]com; vulnreport@tenable[.]com; and sup-
port@cymru[.]com; respectively.

DNS 3 as follows: “Please be mindful of your risk tolerance
and privacy concerns when choosing your transport proto-
col. DNS is convenient and a standard internet protocol, but
does not normally afford the user integrity and confiden-
tiality. HTTPS is recommended for those wanting increased
integrity and confidentiality”.

(3) Tenable acknowledged the report and announced that they
are not planning to make any immediate changes to the
service at this time, but rather re-assess the situation for
ways to improve in this scenario.

We note that some of the anti-malware solution providers chose
to issue a response on the matter. More detailed information about
our exchanges with the providers can be found in Appendix B.

In addition to anti-malware solution providers that were investi-
gated in this study (McAfee, Tenable, TeamCymru), we also reached
out to other providers that were mentioned but not further investi-
gated in this study, namely Sophos, Symantec and ESET.We reached
out more than two months prior to releasing the manuscript, to
ensure these providers have sufficient time to look into our findings
and consider changes to their services.

3

13

https://t.me/learningnets



REFERENCES
[1] [n.d.]. FAQs for Global Threat Intelligence File Reputation. https://kc.mcafee.com/

corporate/index?page=content&id=KB53735.
[2] [n.d.]. Malware Hash Registry (MHR). https://team-cymru.com/community-

services/mhr/.
[3] [n.d.]. Sophos Extensible List: SXL. https://community.sophos.com/kb/en-

us/31563.
[4] [n.d.]. What is ESET LiveGrid? https://support.eset.com/en/kb531-what-is-eset-

livegrid.
[5] Yehuda Afek, Anat Bremler-Barr, and Lior Shafir. 2020. NXNSAttack: Recursive

{DNS} Inefficiencies and Vulnerabilities. In 29th {USENIX} Security Symposium
({USENIX} Security 20). 631–648.

[6] Jawad Ahmed, Hassan Habibi Gharakheili, Qasim Raza, Craig Russell, and Vijay
Sivaraman. 2019. Real-time detection of DNS exfiltration and tunneling from
enterprise networks. In 2019 IFIP/IEEE Symposium on Integrated Network and
Service Management (IM). IEEE, 649–653.

[7] Muhammad Ejaz Ahmed, Hyoungshick Kim, and Moosung Park. 2017. Mitigating
DNS query-based DDoS attacks with machine learning on software-defined
networking. In MILCOM 2017-2017 IEEE Military Communications Conference
(MILCOM). IEEE, 11–16.

[8] Mohammed I Al-Saleh and Jedidiah R Crandall. 2011. Application-Level Recon-
naissance: Timing Channel Attacks Against Antivirus Software.. In LEET.

[9] Kamal Alieyan, Mohammed M Kadhum, Mohammed Anbar, Shafiq Ul Rehman,
and Naser KA Alajmi. 2016. An overview of DDoS attacks based on DNS. In
2016 International Conference on Information and Communication Technology
Convergence (ICTC). IEEE, 276–280.

[10] Derek Atkins and Rob Austein. 2004. Threat analysis of the domain name system
(DNS). Technical Report. RFC 3833, August.

[11] Timm Böttger, Felix Cuadrado, Gianni Antichi, Eder Leão Fernandes, Gareth
Tyson, Ignacio Castro, and Steve Uhlig. 2019. An Empirical Study of the Cost of
DNS-over-HTTPS. In Proceedings of the Internet Measurement Conference. 15–21.

[12] Jonas Bushart and Christian Rossow. 2020. Padding Ain’t Enough: Assessing the
Privacy Guarantees of Encrypted {DNS}. In 10th {USENIX} Workshop on Free
and Open Communications on the Internet ({FOCI} 20).

[13] Sergio Castillo-Perez and Joaquin Garcia-Alfaro. 2009. Evaluation of two privacy-
preserving protocols for the DNS. In 2009 Sixth International Conference on Infor-
mation Technology: New Generations. IEEE, 411–416.

[14] Sara Dickinson Christian Huitema, Allison Mankin. 2021. Specification of DNS
over Dedicated QUIC Connections. Internet-Draft draft-ietf-dprive-dnsoquic-02.
Internet Engineering Task Force. https://datatracker.ietf .org/doc/draft-ietf-
dprive-dnsoquic/ Work in Progress.

[15] Yael Daihes, Hen Tzaban, Asaf Nadler, and Asaf Shabtai. 2020. MORTON:
Detection of Malicious Routines in Large-Scale DNS Traffic. arXiv preprint
arXiv:2008.02003 (2020).

[16] Anirban Das, Min-Yi Shen, Madhu Shashanka, and JishengWang. 2017. Detection
of Exfiltration and Tunneling over DNS. In 2017 16th IEEE International Conference
on Machine Learning and Applications (ICMLA). IEEE, 737–742.

[17] Casey Deccio and Jacob Davis. 2019. DNS privacy in practice and preparation. In
Proceedings of the 15th International Conference on Emerging Networking Experi-
ments And Technologies. 138–143.

[18] IMM Dissanayake. 2018. DNS cache poisoning: A review on its technique and
countermeasures. In 2018 National Information Technology Conference (NITC).
IEEE, 1–6.

[19] Dominik Herrmann, Karl-Peter Fuchs, Jens Lindemann, and Hannes Federrath.
2014. Encdns: A lightweight privacy-preserving name resolution service. In
European Symposium on Research in Computer Security. Springer, 37–55.

[20] Amir Herzberg and Haya Shulman. 2012. Security of patched DNS. In European
Symposium on Research in Computer Security. Springer, 271–288.

[21] Paul E. Hoffman and Patrick McManus. 2018. DNS Queries over HTTPS (DoH).
RFC 8484. https://doi.org/10.17487/RFC8484

[22] Austin Hounsel, Kevin Borgolte, Paul Schmitt, Jordan Holland, and Nick Feamster.
2020. Comparing the Effects of DNS, DoT, and DoH on Web Performance. In
Proceedings of The Web Conference 2020. 562–572.

[23] Rebekah Houser, Zhou Li, Chase Cotton, and Haining Wang. 2019. An inves-
tigation on information leakage of DNS over TLS. In Proceedings of the 15th
International Conference on Emerging Networking Experiments And Technologies.
123–137.

[24] Qing Huang, Deliang Chang, and Zhou Li. 2020. A Comprehensive Study of
DNS-over-HTTPS Downgrade Attack. In 10th {USENIX} Workshop on Free and
Open Communications on the Internet ({FOCI} 20).

[25] Amit Klein. 2020. Cross Layer Attacks and How to Use Them (for DNS Cache
Poisoning, Device Tracking and More). arXiv preprint arXiv:2012.07432 (2020).

[26] Srinivas Krishnan and Fabian Monrose. 2010. DNS prefetching and its privacy
implications: when good things go bad. In Proceedings of the 3rd USENIX conference
on Large-scale exploits and emergent threats: botnets, spyware, worms, and more.
10–10.

[27] Yanbin Lu and Gene Tsudik. 2010. Towards plugging privacy leaks in the do-
main name system. In 2010 IEEE Tenth International Conference on Peer-to-Peer
Computing (P2P). IEEE, 1–10.

[28] Matthew Luckie, Robert Beverly, Ryan Koga, Ken Keys, Joshua A Kroll, and
K Claffy. 2019. Network hygiene, incentives, and regulation: deployment of
source address validation in the Internet. In Proceedings of the 2019 ACM SIGSAC
Conference on Computer and Communications Security. 465–480.

[29] Keyu Man, Zhiyun Qian, Zhongjie Wang, Xiaofeng Zheng, Youjun Huang, and
Haixin Duan. 2020. DNS Cache Poisoning Attack Reloaded: Revolutions with
Side Channels. In Proceedings of the 2020 ACM SIGSAC Conference on Computer
and Communications Security. 1337–1350.

[30] Paul V Mockapetris. 1987. Rfc1035: Domain names-implementation and specifi-
cation.

[31] Asaf Nadler, Avi Aminov, and Asaf Shabtai. 2019. Detection of malicious and
low throughput data exfiltration over the DNS protocol. Computers & Security
80 (2019), 36–53.

[32] Jon Oberheide, Evan Cooke, and Farnam Jahanian. 2008. CloudAV: N-Version
Antivirus in the Network Cloud.. In USENIX Security Symposium. 91–106.

[33] Tavis Ormandy. 2011. Sophail: A critical analysis of sophos antivirus. Proc. of
Black Hat USA (2011).

[34] Davide Quarta, Federico Salvioni, Andrea Continella, and Stefano Zanero. 2018.
Toward systematically exploring antivirus engines. In International Conference
on Detection of Intrusions and Malware, and Vulnerability Assessment. Springer,
393–403.

[35] Lorenz Schwittmann, Matthäus Wander, and Torben Weis. 2019. Domain Imper-
sonation is Feasible: A Study of CA Domain Validation Vulnerabilities. In 2019
IEEE European Symposium on Security and Privacy (EuroS&P). IEEE, 544–559.

[36] Jacob Steadman and Sandra Scott-Hayward. 2018. DNSxD: Detecting Data Exfil-
tration Over DNS. In 2018 IEEE Conference on Network Function Virtualization
and Software Defined Networks (NFV-SDN). IEEE, 1–6.

[37] P. Patil T. Reddy, D. Wing. 2017. DNS over Datagram Transport Layer Security
(DTLS). Technical Report. RFC 8094, Feburary.

[38] Loïc Jaquemet (trolldbois). 2013. python-cymru-services. https://github.com/tro
lldbois/python-cymru-services.

[39] Wikipedia contributors. 2020. Comparison of antivirus software — Wikipedia,
The Free Encyclopedia. https://en.wikipedia.org/w/index.php?title=Compariso
n_of_antivirus_software&oldid=994961048 [Online; accessed 12-January-2021].

[40] Wikipedia contributors. 2020. Domain Name System-based Blackhole List —
Wikipedia, The Free Encyclopedia. https://en.wikipedia.org/w/index.php?tit
le=Domain_Name_System-based_Blackhole_List&oldid=994176376 [Online;
accessed 16-January-2021].

[41] Wikipedia contributors. 2020. Nessus (software) — Wikipedia, The Free Encyclo-
pedia. https://en.wikipedia.org/w/index.php?title=Nessus_(software)&oldid=9
65217542. [Online; accessed 1-September-2020].

[42] Wikipedia contributors. 2021. Representational state transfer — Wikipedia, The
Free Encyclopedia. https://en.wikipedia.org/w/index.php?title=Representationa
l_state_transfer&oldid=999503667. [Online; accessed 12-January-2021].

[43] Christian Wressnegger, Kevin Freeman, Fabian Yamaguchi, and Konrad Rieck.
2017. Automatically inferring malware signatures for anti-virus assisted attacks.
In Proceedings of the 2017 ACM on Asia Conference on Computer and Communica-
tions Security. 587–598.

[44] Zhiwei Yan and Jong-Hyouk Lee. 2020. The road to DNS privacy. Future Genera-
tion Computer Systems (2020).

[45] Liang Zhu, Zi Hu, John Heidemann, Duane Wessels, Allison Mankin, and Nikita
Somaiya. 2015. Connection-oriented DNS to improve privacy and security. In
2015 IEEE symposium on security and privacy. IEEE, 171–186.

Appendices

A SCREENSHOTS
We include two screenshots to demonstrate the false alerts attack
on Nessus Professional (see Figure 5) and the silencing attack on
McAfee ESTP agent (see Figure 6). The screenshots appear on the
next page.
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(b)

(a)

Figure 5: A screenshot the demonstrates the false alerts attack on the Tenable’s Nessus Professional agent. The victim initiates
a full system scan using its installed agent. For every scanned file, the agent issues a DNS query to the MalwareDB DNSAML
service. A man-in-the-middle attacker spoofs the DNS responses on behalf of the MalwareDB DNSAML service to 48.5.132.128
(a). Based on the spoofed response, the agent incorrectly classifies all of the scanned files as malicious, and outputs false alerts
(b). The outcome of the attack is that benignfiles (e.g., ChromeWeb browser libraries) are listed asmalicious, therefore creating
an alert fatigue for the victim.

(b)

(a)

(c)

Figure 6: A screenshot the demonstrates the silencing attack on the McAfee ESTP agent. The Artemis Trojan, disguised as
taskhost.exe, is successfully detected by McAfee ESTP agent when not under attack, and the agent immediately takes the
action of deleting it (a). The victim downloads the Artemis Trojan and starts “scan for threats” using its installed agent. A
man-in-the-middle attacker spoofs the DNS responses on behalf of the McAfee GTI service to 127.64.0.128 (b). Based on the
spoofed response, the agent incorrectly classifies the malicious Artemis Trojan as benign, and outputs an empty threat scan
report (c). The outcome of the attack is that the Artemis Trojan is not detected as a threat and is allowed to be executed on the
victim machine.
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B RESPONSIBLE DISCLOSURE
McAfee:After reaching out toMcAfee, they provided the following
response:

"McAfee’s Global Threat Intelligence over DNS (GTI-DNS) ser-
vice has been in production for about 12 years. At the time of its
launch, most internet traffic was not encrypted. Since then we’ve
updated most of our products and cloud services to use encrypted
communication facilities such as TLS. The latest evolution of our
GTI service is GTI-REST. This runs only over TLS 1.2 and does
not support unauthenticated clients. Our GTI-REST POPs receive
an A rating from SSL Labs. Our effort to move the remaining core
products from GTI-DNS to this new GTI-REST service was already
underway when we received the report. The report identifies that
it is possible to snoop DNS traffic and determine GTI’s reputation
of a file by examining the A record. An attacker could also gain
control of an intermediate DNS server, or they could modify the
DNS configuration so as to direct DNS requests to a server under
their control. Either of these techniques would enable an attacker
to intercept A record queries and send a spoof response that a
malicious file is clean. However, it is important to keep in mind
that spoofing a clean A record as described above only has the
same effect as when the McAfee product is running on a machine
which has no internet connection. Our products use regularly up-
dated local content to ensure that they continue to offer excellent
protection when disconnected from the Internet. Moreover, if an
attacker spoofs an A record to suggest to the product that a clean
file is malicious, the product verifies this response by requesting a
confirmatory TXT record from GTI-DNS. Unlike the A record, the
TXT record is digitally signed. This mechanism prevents attackers
from orchestrating a DoS by convicting clean files. We shared this
information with Oleg Brodt from Ben-Gurion University and ap-
preciate his decision to look to publish the findings after Q1 2021,
allowing us to complete the migration from GTI-DNS to GTI-REST."

Tenable: After we reached out to Tenable with the relevant
information, they provided the following response:

"Just as DNS traffic can be used to gain information about which
websites are being visited, the DNS traffic used here can be used to
infer some information (but not the actual page content). Someone
in a position to intercept the DNS traffic of the Nessus scanner
or agent could identify that the target is evaluating files against
Tenable’s hash checking service. While a potential attacker could
infer that Tenable considered a file to likely be malicious, they
would not be able to identify the file with any certainty, the type of
malware, impact on the system, or whether the file may be a false
positive.

Overall, our understanding is that the information potentially
disclosed as a result of these limitations is difficult to leverage in an
attack. While we are not planning to make any immediate changes
to the service at this time, we will continue to re-assess the situation
for ways to improve in this scenario."

Team Cymru: In response to our responsible disclosure, Team
Cymru updated its Community Service documentation and pro-
vided the following response: "We have made some changes to our
Community Service documentation that highlights the inherent
issues with the way unencrypted protocols function.

The issue and scenarios you highlight are not specific and iso-
lated to MHR [Team Cymru’s Malware Hash Registry], but rather
with the way the protocol for that delivery method works. We are
aware of the issues and make available four delivery methods for
exactly that reason. For people who share your concerns we recom-
mend using the HTTPS interface to the MHR. The unsigned and
unencrypted interfaces to the MHR service are there to support
people needing high-rate or low-risk quarrying. Given the massive
number of hashes in the MHR, DNSSEC isn’t a practical solution for
that zone. As such, we do not have any plans to alter the availability
of functionality of the MHR tool; this is a community service that
is hugely popular and that is relied upon by thousands of InfoSec
professionals around the world who make the decision as to what
their need is and use the appropriate service interface".
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