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Abstract

Rabies intradermal (ID) wvaccination is an
acknowledged method of immunisation in the
prevention of rabies. The literature indicates a
suppression of the rabies response when given
by the intradermal method in a patient taking
chloroquine. In the UK chloroquine/proguanil
combination has recently been discontinued.
Mefloquine remains available and has structural
similarities to chloroquine, but carries no warning
of possible suppression of antibody response to
the rabies vaccine when given ID. A study of the
reports of inhibition of rabies ID by mefloquine
highlight a range of advice from no inhibition to 30
days between the final dose of rabies ID and starting
mefloquine. The inhibition by chloroquine of rabies
vaccine i1s dependent on cellular concentration,
but no study was found to extrapolate warnings
to mefloquine. The pharmacodynamics of both
chloroquine and mefloquine show an action
involving SHT3 receptors and metabolism by the
CYP3A4 pathway. A comparative study is required
to evaluate the similarities and differences between
the two anti-malarial drugs. In conclusion, the
absence of data relating to possible inhibition of
rabies ID in a patient taking mefloquine does not
necessarily equate to no interaction. A large-scale
trial should be completed, and advisory boards
should advise caution when using mefloquine and
rabies ID until an outcome is confirmed.

Background
Rabies intradermal (ID) vaccination technique is
approved by WHO for the prevention of rabies(1).

There are reports of an interaction occurring when
administered at the same time as chloroquine, leading
to reduced level of protection from the vaccine, the
mechanism of which remains unknown(2). With the
global increase of chloroquine-resistant malaria and
the discontinuation of the chloroquine/proguanil
combination in the UK, an alternative prophylactic
is mefloquine. Mefloquine has a similar chemical
structure (figure 1) to chloroquine and some experts
suggest this may create the suppression of an
immune response and should be formally advised
against being co-administered.

Method

This literature search review started with
two endpoints: firstly, to determine if there
was a consensus on whether mefloquine was
contraindicated with rabies ID and secondly to
compare the pharmacodynamics of chloroquine and
mefloquine.

The literature search was conducted across reference
websites and in specialist journals using search
engines including Google Scholar, Athens and web
bases of ISTM Journal of Travel Medicine and
RCPS (Glasgow) Travel Medicine and Infectious
Diseases.

References were found and collated onto an Excel
spreadsheet and reviewed by both authors for
accuracy to the keywords.

Results

The results were sub divided according to primary
and secondary endpoints for ease of use and review
when considering the objective for each end point.



Table 1 - Contraindication of rabies with chloroquine or mefloquine

sis that concurrent use of mefloquine as antimalarial chem-
oprophylaxis compromises the effectiveness of a primary
course of 3 X 0.1 mL ID human diploid cell vaccines
(HDCV)

Lead Author + Summary Reference
Year

Y H Thong The effect of mefloquine, a new antimalarial compound, Royal Society of Tropical

(1979) on the immune response in mice was studied in vitro and Medicine and Hygiene,
in vivo. Slight inhibition of mitogen-induced lymphocyte 1979, 73 (4,) pp 388-390
proliferative responses was observed at a concentration of
1 pg/ml and cytotoxicity at 4um/ml. In contrast, a higher
proportion of human lymphocytes remained viable at the
same concentration of mefloquine. Antibody responses to
erythrocytes were impaired in mice receiving a total dose of
60mg/kg.

Pappaioanou These results indicate that chloroquine taken in the dose NEJM- https://www.

(1986) recommended for malaria prophylaxis can reduce the anti- | nejm.org/doi/abs/10.1056/
body response to primary immunization with intradermal NEIM198601303140504
human diploid-cell rabies vaccine

Lau (1996) It appears that preliminary data do not support the hypothe- |J Travel Med 1999; 6:

140-141.

Centers for
Disease Control
and Prevention,

When chloroquine phosphate was used routinely for ma-
laria prophylaxis, investigators discovered that the drug
decreased the antibody response to concomitantly adminis-

https://www.cdc.
gov/mmwr/preview/
mmwrhtml/00056176.htm

in such cases.

CDC (1999) tered HDCV (41). Although interference with the immune
response to rabies vaccine by other antimalarials structurally
related to chloroquine (e.g., mefloquine) has not been eval-
uated, precautions for persons receiving these drugs should
be followed. For persons who will be receiving both rabies
preexposure prophylaxis and antimalarial chemoprophylax-
is in preparation for travel to a rabies-enzootic area, the ID
regimen should be initiated at least 1 month before travel
California Chloroquine phosphate and related antimalarial drugs (e.g., | http://publichealth.lacoun-
Health (2003) mefloquine) used for malaria chemoprophylaxis may inter- |ty.gov/vet/rabiesmanu-
fere with the antibody response to HDCV. HDCYV should not | alpdfs/pplerabvac.pdf
be administered by the intradermal route to persons receiv-
ing such drugs for malaria chemoprophylaxis.
Rose (2006) The intramuscular formulation should be used. The intrader- | https://www.sci-
mal rabies vaccine series, if used, should be started 30 days | encedirect.com/
before the administration of either chloroquine or meflo- book/9780323040501/
quine. international-trav-
el-health-guide-2006-2007
Lau (2006) Concurrent use of chloroquine can reduce the antibody JTM https://academ-
response to intradermal application of cell-culture rabies ic.oup.com/jtm/arti-
vaccines. cle/9/6/285/18052507-
searchresult=1
WHO (2007) Antibody response to ID rabies regimen has been unsatisfac- | https://iris.who.
tory in some groups receiving chloroquine for antimalarial | int/bitstream/han-
chemoprophylaxis, therefore an IM regimen should be used |dle/10665/240877/

WERS&208 62-68.PDF




Endy (2019)

We conclude that there is no reduction of rabies antibody
response in subjects taking Malarone or doxycycline,

but a significant reduction in those taking chloroquine;
however, accepted antibody levels were achieved for all
three antimalarials.

Journal of Inf Diseases, https://
academic.oup.com/jid/arti-
cle/221/6/927/5611063?1ogin=-
false

NICD (2020)

Mefloquine (for malaria prophylaxis) should not be
administered at the same time as intradermal rabies dos-
es, if possible, administer the rabies vaccine one to two
months before starting malaria prophylaxis

https://www.nicd.ac.za/
wp-content/uploads/2020/01/
Rabies-Prophylaxis-Guidance
Draft 08012020-002.pdf

Styka et al Drugs that interact with chloroquine include meflo- https://www.ncbi.nlm.nih.gov/

(2020) quine (concomitant use increases the risk of convul- books/NBK 556583/
sions), antacids and kaolin, cimetidine, insulin and other
antidiabetic drugs, arrhythmogenic drugs (e.g., amiodar-
one, moxifloxacin), ampicillin, cyclosporine, praziquan-
tel, and tamoxifen as well as primary immunization with
intradermal human diploid-cell rabies vaccine

CDC (2022) | Use of a Modified Preexposure Prophylaxis Vaccination |2022 | MMWR (cdc.gov)
Schedule to Prevent Human Rabies: Recommendations
of the US Advisory Committee on Immunization Prac-
tices — United States: Limited anecdotal reports suggest
mefloquine does not impair rabies vaccine effectiveness;
however, large-scale trials are needed to evaluate this
hypothesis.

Agam (2022) [ Recent data show that although concomitant adminis- https://www.cdc.gov/mmwr/vol-
tration of chloroquine and IM rabies PrEP is associated |umes/71/wr/mm7118a2.htm
with a significant reduction in rabies antibody titer, the
reduced levels remain >0.5 IU/m. Limited anecdotal re-
ports suggest mefloquine does not impair rabies vaccine
effectiveness

Plotstein Now recommended to receive rabies IM rather than ID | Vaccines 7th edition, section 2

(2022) for all preexposure to maximise antibody response - p930
chloroquine has an in vitro immunomodulatory effect
on dendritc cells

Youngster Concomitant use of chloroquine can reduce the anti- https://wwwnc.cdc.gov/travel/

(2024) body response to intradermal rabies vaccine yellowbook/2024/preparing/in-

teractions-travel-vaccines-drugs

WHO (2024) | Antibody response to ID rabies regimen has been un- https://iris.who.int/bitstream/
satisfactory in some groups receiving chloroquine for | handle/10665/205089/B5010.
antimalarial chemoprophylaxis, therefore an IM regimen | pdf?sequence=1
should be used in such cases.

NaTHNaC | The intradermal route should not be used for travellers | https://travelhealthpro.org.uk/

(2024) taking chloroquine as malaria prophylaxis news/741/rabies-vaccine-short-

age-advice-for-health-profes-
sionals

BNF (2024) | Chloroquine decreases the efficacy of rabies vaccine https://bnf.nice.org.uk/interac-

(intradermal). Manufacturer advises avoid.

tions/chloroquine/




From the first reports in 1983 of chloroquine
suppressing rabies vaccine given ID, the message
was consistent throughout the literature to avoid
co-administration. The references relating to the
interaction between mefloquine and rabies vaccine,
chronologically varied widely with conflicting
information. A further data check was made using
the BNF Online interactions Checker App - which
indicated chloroquine suppressing rabies ID;

however, mefloquine, despite being in the same class,
has no documents to indicate the same interaction.

The route of administration appears to highlight
that vaccination using the intramuscular (IM)
method is safer than ID, although it is suppressed,
the protective levels remain above the minimum
threshold indicating that this may be a volume-
related problem which has not been confirmed.

Table 2 - Mechanism of action of suppression of rabies virus by chloroquine

Lead Author + Year

Summary

Reference

Sharma (2015)

Recognises the chloroquine interaction with rabies ID and
mechanism of action of rabies infection at sub-cellular level. | researchgate.

https://www.

net/publica-
tion/343850252 Ra-
bies Understanding
Neuropathology
and Management

Chen+ Schlagenhauf | Chloroquine is a racemate (mixture of structures of same
(2019) molecule), both enantiomers (structural forms) have equiv-
alent antimalarial activity. It is a potent schizocide active
against the erythrocytic forms of malaria. The site of action | (Fourth Edition),
is within the lysosome where it complexes with hemin and | 2019

prevents its conversion into nontoxic hemozoin.

Patricia Schlagen-
hauf, ... Lin H. Chen,
in Travel Medicine

Chandler (2020)

Immunomodulatory mechanisms of chloroquine and
metabolites against viruses. At lower concentrations chlo-
roquine exhibits immunomodulatory effects by inhibiting
nucleic acid sensors. The dose-dependent effect of the
mechanism of action supports the observations of increased
viral infections associated with lower drug doses. It is
suggested that the potential anti-viral effects of chloroquine
occur in vitro when used at sufficient concentration to alter
endosomal pH, but in vivo efficacy remains unclear. The
study continues and highlights that Vero cells would not

be an appropriate model for assessing immunomodulatory
effects of chloroquine during viral infections as they harbour
a deletion that results in a loss of interferon

NIH- https://www.
ncbi.nlm.nih.
gov/pmc/articles/
PMC7404262/

The pathology of rabies virus at cellular is reported
to be using the microtubule transporting system
resulting in neuronal dysfunction not neuronal
mortality. This dysfunction is characterised by a
reduction in the ion channels resulting in functional
impairment and decreased binding of serotonin
(particularly subtype SHT-1D).

The mechanism of suppression by chloroquine is
suggested to be in the lysosomes at sub-cellular level
by alkalisation but only at higher concentrations.
By increasing the pH of lysosomes, chloroquine
can affect antigen processing. These effects were
seen with higher therapeutic concentrations of
chloroquine. . In addition, chloroquine can also



inhibit autophagy. This is the process that removes
damaged or intracellular organelles or proteins.
These organelles or proteins, if not removed, can
in turn inhibit the production of viral antigens.

There appears to be a correlation between the
concentration of chloroquine used and the effects
seen. High doses of chloroquine tend to inhibit

viral replication (increasing pH), while low doses
tend to inhibit innate immune pathways (reducing
cytokine release and preventing activation of
sensors) without a detectable effect on wviral
replication. This would be an explanation why
rabies ID does not work with chloroquine, yet
rabies IM does. It remains unknown if this variance
is the same for mefloquine.

Table 3 - Comparison of the pharmacodynamics of chloroquine and mefloquine

Lead Author + Year Summary Reference
Thompson (2007) Compares the mechanism of action of chloroquine and | British Journal of Phar-
mefloquine at SHT3 sites macology https://www.

ncbi.nlm.nih.gov/pmc/
articles/PMC1994240/

Drugbank (2024) Chloroquine mechanism of action DrugBank online-https://
go.drugbank.com/drugs/
DB00608

Drugbank (2024) Mefloquine mechanism of action Drugbank online - https://
go.drugbank.com/drugs/
DBO00358

The comparison data from both pharmacological
and chemical sources, show similarities between
chloroquine and mefloquine, for example both
stimulate the SHT-3 receptors and metabolised by

CYP3A4 pathway. However, some major differences
do occur, for example with the inhibition methods
and mechanism of action. Details of the differences
and similarities can be found in Table 1. a’

Table 4- Comparison of pharmacology data between chloroquine and mefloquine

Comparator

Chloroquine

Mefloquine

Mechanism of action

Chloroquine passively diffuses through cell membranes
and into endosomes, lysosomes, and Golgi vesicles;
where it becomes protonated, trapping the chloroquine
in the organelle and raising the surrounding pH. The
raised pH in endosomes, prevent virus particles from
utilizing their activity for fusion and entry into the cell.

Some studies suggest that
mefloquine specifically
targets the 80S ribosome
of Plasmodium falcipar-
um, inhibiting protein
synthesis and causing
subsequent schizonticidal
effects.

Protein Binding

Chloroquine is 46-74% bound to plasma proteins9 .
Of the 2 metabolites (-)-chloroquine binds more strong-
ly to alpha-1-acid glycoprotein and (+)-chloroquine
binds more strongly to serum albumin.

The binding of meflo-
quine to plasma proteins
is over 98%




Metabolism

Chloroquine is N-dealkylated primarily by CYP2C8
and CYP3A4 to

Mefloquine is heavily
metabolised in the liver
by the CYP3A4 enzyme.
The main metabolite

is, 2,8-bis-trifluorome-
thyl-4-quinoline carboxyl-
ic acid.

Route of elimination

Chloroquine is predominantly eliminated in the urine:

50% of a dose is recovered in the urine as unchanged
chloroquine

Mefloquine is believed to
be excreted in the bile and
faeces. In healthy volun-
teers who have achieved
steady-state concentrations
of mefloquine, the un-
changed drug was excret-
ed at 9% of the ingested
dose, and excretion of its
carboxylic metabolite as
measured at 4% of the
ingested dose

Half life

20-60 days

Mean elimination half-
life of mefloquine varied
between 2 and 4 weeks

Cellular action

Acts as a 5-HT3 receptor

Acts as a 5-HT3 receptor

Inhibition method of | Competitively inhibit Non-competitive inhibition
5-HT3
Blood concentration |44uM 2,2 to 4.1luM

to be 99% effective
against
P. falciparum

IC50- concentra-
tion of antagonist
required to halve
maximal response

Similar to mefloquine

Similar to chloroquine

The above data raises some questions for further .

discussion, such as:

Is this a case of not enough

information about mefloquine to identify

. Is there enough data on mefloquine to themechanism of possible suppression of
suggest it does not reduce the efficacy of rabies ID
rabies [D? . Should this now be evaluated with

. Does the comparison between chloroquine the discontinuation of chloroquine

and mefloquine highlight significant
differences to the suppression of rabies

vaccine?

proguanil combination and the rise in
global resistance.




Discussion

It is worth noting that although this review has
looked at more than one rabies vaccine mostly
human diploid cell vaccines (HDCV), (formerly
Rabies BP in the UK) was used. However, one
study(3) indicated that Vero cell-produced rabies
vaccine showed a higher protective titre, but no
further tests with chloroquine or mefloquine have
established if this affects suppression differently
when given ID at the same time as chloroquine.
Comparatively a study between chick embryo
derived rabies vaccine and Vero cell rabies
vaccine(4) concluded that the two vaccines were
as safe and immunogenic as each other.

Following vaccination, the humoral immune
system responds to inactivated rabies virus, but
at cellular level the response can be reduced by
chloroquine using a process that is dependent on
the drug concentration and volume of vaccine
used. This probably explains why rabies ID is
suppressed yet the larger volume of the IM vaccine
is protective, but with a reduced level.

The way mefloquine acts at cellular level is
unknown, however there is an early study in mice
which indicates a slight inhibition of the standard
immune response of peripheral blood lymphocytes,
the mitogen antibody-induced test.

The suppression of rabies ID by chloroquine is well
established whereas in mefloquine the mechanism
is not fully understood, and the conclusions of
individual papers have ranged from no suppression,
some antibody inhibition, theoretical suppression
and use after 30 days. The guidance has not been

References

confirmed from using a large-scale trial.

Both chloroquine and mefloquine act on the SHT3
receptors and affect neurotransmission. These
neural transmissions are found in both the central
and peripheral nervous systems which would be
targeted by the rabies virus post-exposure.

The early advisory websites have suggested the
mefloquine avoidance at the same time as rabies
ID is probably due to a consideration of a similarity
between the two drugs. Comparison of action
highlights that there are some pharmacological
similarities (acting as a SHT3 receptor, metabolised
using CYP3A4 pathway) and differences
(inhibition action, protein binding). These need
to be evaluated before this hypothesis could be
confirmed. This lack of evidence has led to the
current advice that there is unproven interaction
between mefloquine and rabies ID.

Conclusion

As a consequence of the lack of evidence to
substantiate a suppression of rabies ID by
mefloquine, the conclusion is there is no known
interaction. This of course does not identify that
there may be an unrealised suppression as earlier
studies mention, which warranted advice on a
cautionary note. We would propose that as there are
suggestions of suppression and some similarities
with chloroquine, that have yet to confirmed, the
Joint Committee on Vaccination and Immunisation
(JCVI) and the Advisory Committee on Malaria
Prevention (ACMP) should amend their advice to
that of caution and not to vaccinate with rabies ID
and mefloquine concomitantly.
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FIGURE 1 Molecular structures of chloroquine and mefloquine (Mefloquine is a fluorinated derivate of
chloroquine) (Cambridge Structural Database).
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