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Abstract

Background: Malaria rapid diagnostic tests (RDTs) are protected from humidity-caused degradation by a desiccant
added to the device packaging. The present study assessed malaria RDT products for the availability, type and
design of desiccants and their information supplied in the instructions for use (IFU).

Methods: Criteria were based on recommendations of the World Health Organization (WHO), the European
Community (CE) and own observations. Silica gel sachets were defined as self-indicating (all beads coated with a
humidity indicator that changes colour upon saturation), partial-indicating (part of beads coated) and
non-indicating (none of the beads coated). Indicating silica gel sachets were individually assessed for humidity
saturation and (in case of partial-indicating silica gels) for the presence of indicating beads.

Results: Fifty malaria RDT products from 25 manufacturers were assessed, 14 (28%) products were listed by the
“Global Fund Quality Assurance Policy” and 31 (62%) were CE-marked. All but one product contained a desiccant,
mostly (47/50, 94%) silica gel. Twenty (40%) RDT products (one with no desiccant and 19 with non-indicating
desiccant) did not meet the WHO guidelines recommending indicating desiccant. All RDT products with self- or
partial-indicating silica gel (n = 22 and 8 respectively) contained the toxic cobalt dichloride as humidity indicator.
Colour change indicating humidity saturation was observed for 8/16 RDT products, at a median incidence of 0.8%
(range 0.05%-4.6%) of sachets inspected. In all RDTs with partial-indicating silica gel, sachets with no colour
indicating beads were found (median proportion 13.5% (0.6% - 17.8%) per product) and additional light was
needed to assess the humidity colour. Less than half (14/30, 47%) IFUs of RDT products with indicating desiccants
mentioned to check the humidity saturation before using the test. Information on properties, safety hazards and
disposal of the desiccant was not included in any of the IFUs. There were no differences between Global
Fund-listed and CE marked RDT products compared to those which were not. Similar findings were noted for a
panel of 11 HIV RDTs that was assessed with the same checklist as the malaria RDTs.

Conclusion: RDTs showed shortcomings in desiccant type and information supplied in the IFU.
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Background
Since 2010, the World Health Organization (WHO)
recommends parasitological confirmation of clinical sus-
picion of malaria before treatment is started. This con-
firmation can be done either by microscopy or by a
malaria rapid diagnostic test (RDT)[1-4].
Malaria RDTs are based on lateral flow immunochroma-

tography, whereby parasite-specific antigens are detected.
Their reliability, robustness and simplicity of use have
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reproduction in any medium, provided the or
scaled up their supply and procurement worldwide. It is
estimated that to date over 200 different RDT products
are marketed by 60 manufacturers [1]. The number of
malaria RDTs produced annually has increased from 45
million in 2008 to 88 million in 2010 [4].
A major constraint of RDTs is degradation by extreme

temperatures and humidity [1,2,5,6]. Therefore, strict
temperature control and protection against humidity
during transport and storage is necessary. Protection to
humidity is assured by packing each individual RDT de-
vice (cassette or strip) in a sealed, impermeable pouch
containing a desiccant which absorbs humidity [1,7,8].
td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.

mailto:jjacobs@itg.be
http://creativecommons.org/licenses/by/2.0


Barbé et al. Malaria Journal 2012, 11:326 Page 2 of 10
http://www.malariajournal.com/content/11/1/326
During laboratory evaluations of RDTs and field pro-
jects, staff of the Institute of Tropical Medicine (ITM)
noted several problems with the availability, type and ma-
nipulation of desiccants in RDTs and previously a number
of shortcomings in instructions for use (IFU) of RDTs
were studied [9]. Therefore, it was decided to assess a
panel of malaria RDT products for the availability, type
and design of the desiccants as well as for the complete-
ness and relevance of the information in the IFU.
RDTs based on immunochromatography targeting

other pathogens may suffer also from humidity degrad-
ation, and ITM staff observed humidity-related problems
in Human Immunodefiency Virus (HIV) RDTs [10].
Therefore, an additional panel of HIV RDTs was assessed.

Methods
Study design
A panel of RDT products (Additional file 1) was assessed
for the desiccant type supplied within the RDT device
packaging and for the information mentioned in the IFU.
Assessments were performed as part of RDT product
panel evaluations and other studies about RDT perform-
ance [9,11-17] and at two time points, 2009 and 2012.
For some RDT products, more than one lot was assessed.
Unless otherwise stated, the results of the first evaluation
and first lot assessed are reported and changes over time
and differences within lots are presented separately.

Panel of RDT products
Malaria RDTs marketed as devices consisting of cas-
settes, cardboard boxes and hybrids (nitrocellulose strips
to be dipped into plastic wells) were selected. They were
checked for the presence of the CE (European Commu-
nity) label and evidence of good manufacturing practice
(GMP) based on their inclusion in the “List of RDT kits
for malaria classified according to the Global Fund Qual-
ity Assurance Policy, version 3” of the Global Fund (fur-
ther shortly referred to as “Global Fund list”) [18]. They
included two-, three- and four-band tests, targeting the
common Plasmodium antigens. Additional file 1 lists the
different RDT products with information about the pres-
ence of the CE label and their inclusion in the Global
Fund list, as well as the time points of evaluation. It
was decided not to display the results of individual
RDT products or manufacturers, as desiccants are
mostly produced by sub-contractors and may differ
from lot to lot.

Different types of desiccants
Desiccants for in-vitro diagnostic products may include sil-
ica gel, molecular sieve or Montmorillonite clay (Figure 1).
For RDTs, silica gel is the most frequently used. Unlike its
name may suggest, it is not gel but it consists of beads or
granules which are packaged in a sachet (Figure 2). This
sachet is vapor permeable to allow humidity uptake. Silica
gel may be coated with a humidity sensitive indicator
which – by change of its colour - indicates when the
maximal absorption capacity has been reached and the
silica gel is saturated. In industry, silica gel with humidity
indicator is referred to as “self-indicating”, in contrast to
non-indicating gel. Non-indicating silica gel usually is
transparent or opaque while self-indicating silica gel is
available in different colours, depending on the type of
indicator used (Figure 1). In addition, silica gel sachets in
which a majority of non-coloured (non-indicating) beads
are mixed with a few indicator (coloured, self-indicating)
beads are marketed. For the purpose of this study, such
sachets are referred to as “partial-indicating”.

Assessment of desiccants and instructions for use
A checklist was made to assess desiccants and the IFU.
Items were based on recommendations and guidelines
about safety and efficacy of the desiccants issued by
WHO [1,19-23] and regulatory authorities [24-27], sup-
plemented with criteria derived from bench and field
experiences of ITM staff. Table 1 lists the different
items, together with the criteria used. The composition
of the silica gel humidity indicator was deducted by its
colour appearance. To assess the RDTs by the checklist,
the device packaging of the different RDT products was
opened, the desiccant was inspected and the IFU (lim-
ited to the English-part language) was carefully read by
two independent readers.

Inspection of the individual self-indicating and partial-
indicating silica gels sachets
In addition to the checklist, the silica gel sachets with
humidity indicator of RDTs were – as part of diagnostic
accuracy studies - individually assessed for (i) humidity
saturation as indicated by colour change of the indicator
and (in case of partial-indicating silica gels) (ii) presence
or absence of coloured (indicating) beads. Before open-
ing any device packaging, its integrity was checked.

Data management and statistical analysis
Data were entered in an Excel sheet (Microsoft Corp.,
Redmond, WA, U.S.A.). Proportions and 95% confidence
intervals (CI) were calculated. Differences between pro-
portions were tested for significance using the Pearson’s
Chi-square test or, in case of small sample sizes, a two
tailed Fisher’s exact test. A p-value < 0.05 was considered
as significant.

Additional analysis of HIV RDTs
A panel of HIV RDT products that was assessed at ITM
as part of the WHO prequalification of diagnostics pro-
gram was subjected to the same checklist and criteria as
used for the malaria RDTs.



Relative humidity (RH) and condensation
Relative humidity (RH, expressed as %) is used to describe the amount of water vapor in a mixture of 
air and water vapor. A relationship exists between RH, temperature and condensation. 
Condensation occurs on surfaces that are colder than a specific temperature (dew point) at a given 
RH and air temperature. At higher RH, the dew point rises, allowing condensation to occur with 
smaller temperature drops.  As a result, a drop of just 5°C will already cause condensation in high 
humidity environments [41].   
Humidity decreases with altitude, while proximity to large bodies of water and the presence of 
moisture-bearing winds result in a higher humidity. The most humid cities on earth are generally 
located closer to the equator, near coastal regions or near large bodies of water. Average RH for 
Democratic Republic of Congo (DRC) for instance is not below 70%, while the coastal areas in East-
Africa can have a RH that reaches 95%. Rainy season and monsoon season will increase the RH 
temporarily, so that condensation can occur more easily during that time. 

Silica gel
Silica gel is not a gel but it presents as porous beads or granules. The micro-porous structure (with an 
average pore size of 24 Å [42]) offers a very large surface area (800m2/g) by which silica beads can  
adsorb water molecules to up to 8-40% of their own weight [41,42]. Hereby the relative humidity 
(RH) inside a closed environment can be reduced to below 50% [41]. Silica gel performs best at high  
humidity (RH 60-90%) and at room temperature (21 -32°C), but will lose its adsorption capacity 
below RH 40% and at higher temperatures (> 105°C), making regeneration and reuse of the silica 
beads possible [42].  
The term “self-indicating silica gel” refers to the presence of silica beads coated with a humidity 
indicator which–by change of its color –alerts when the maximum absorption capacity has been  
reached. There are different colors, depending on the type of indicator used: cobalt dichloride (blue 
in dry state, pink in saturated state) [41], methyl violet (orange in dry state, green in saturated 
state) [43]or iron salts (orange in dry state, colorless in saturated state)[41](Figure 4).
The silica beads are packed in a vapor-permeable sachet to allow humidity uptake. This can be made 
out of different materials like breathable tea-bag paper, non-woven fabrics, TyvekTM or breathable 
cotton paper [41,44].  

Molecular sieve 
Molecular sieve is a synthetic and porous type of silicate and is available as beads or bars. The pore 
size openings are uniform (3, 4, 5 or 10 Å) allowing the selective adsorption of specifically sized 
molecules. As a result molecular sieve is useful to dry a product without removing other desirable 
compounds within the system. It is efficient at high temperatures (up to 225°C) and at low relative 
humidity environments. It can reduce the relative humidity to 1% RH and it will not give up the 
adsorbed humidity easily when the temperature rises. A disadvantage is the higher cost per unit 
compared to the other desiccant types [42]. 

Montmorillonite clay
Montmorillonite clay is a naturally occurring porous adsorbent, that is activated by careful drying,  
and is produced as beads or granules. It can regenerate at very low temperatures without 
deterioration or swelling. As a result humidity will be released easily once the temperature rises. 
This type of desiccant works well at temperatures below 50°C and is the least expensive type of 
desiccant available [42]. 

Figure 1 Background information: relative humidity, condensation and designs of desiccants [41-44].
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Results
Panel of RDTs assessed
The RDT panel consisted of 50 products of 25 manufac-
turers, 14 products (28%) were listed on the Global Fund
list and 31 (62%) were CE-marked (Additional file 1).
Ten RDT products were assessed both in 2009 and in
2012. Three RDT products were supplied with different
types of desiccants (desiccant tablet, non-indicating and
partial-indicating silica gel) in different lots.

Presence, type and content of the desiccant, labelling of
sachet
The different desiccant types observed are listed in Table 2.
The vast majority (47/50, 94%) of RDTs contained silica
gel as a desiccant, supplied as a sachet enclosed in the de-
vice packaging. In total, 20 (40%) RDT products (one
RDT with no desiccant and 19 with non-indicating desic-
cant) did not meet the WHO recommendation of adding
a self-indicating desiccant to the RDT device packaging.
For all eight (16%) partial-indicating silica gels, a strong
light source was needed to observe colour change of the
indicator through the silica gel sachet.
On all but one silica gel sachet, the warning “Do not

eat” was mentioned. Of note, the tablet supplied as desic-
cant in two RDT products from one manufacturer
showed striking resemblance with a drug tablet and did
not contain any identity or warning label (Figure 2). All
sachets assessed were made of permeable materials, ex-
cept for the silica sachets in three products (provided by
two manufacturers), which were made out of imperme-
able plastic (Figure 3). All RDT products with self- or
partial-indicating silica gel (n= 30) contained cobalt
dichloride as the humidity indicator. Among the 10 RDT
products that were assessed both in 2009 and 2012, four
had substituted cobalt dichloride by methyl violet (n= 3)
or by non-indicating molecular sieve (n= 1).

Information supplied by the instructions for use
Among the RDT products containing a desiccant with
humidity indicator, the IFU of less than half (14/30,



Figure 2 Examples of desiccants used in RDTs. Note the tablet (upper right), supplied as desiccant but lacking identification or warning.
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47%) mentioned to check the colour of the silica gel be-
fore using the test; their IFU also mentioned how to in-
terpret the colour of the indicator as well as to discard
the RDT test in case of humidity saturation. Information
on properties, safety hazards, remedies and safe disposal
of the desiccant was not included in any of the IFUs.

Inspection of the individual self-indicating and
partial-indicating silica gels sachets
A total of 15,577 silica gel sachets from 16 RDT products
were visually inspected immediately after opening the de-
vice packaging. They included sachets with self-indicating
and partial-indicating silica gels (seven and nine RDT
products respectively, Table 3). Three device packages
(0.02%) in two RDT products were visibly damaged and
excluded from analysis. Colour change indicating humid-
ity saturation (calculated for those sachets with self- and
partial-indicating silica beads) was observed for 8/16 RDT
products, at a median (range) proportion of 0.8% (0.05%
– 4.6%) of sachets inspected. In all RDT products with
partial-indicating silica gel, sachets with no colour-
indicating beads were observed: the median proportion of
sachets containing exclusively non-indicating beads was
13.5%, ranging from 0.6% to 17.8%.

Differences between CE marked and global fund listed
RDTs and those which were not
There was no differences observed for the assessed cri-
teria between the Global Fund-listed and CE marked
RDT products compared to those which were not, ex-
cept for the warning message “Do not eat” which tended
to be more frequently displayed on CE-marked products
compared to those which were not (30/31 versus 16/19
respectively, p = 0.053).

Additional analysis of HIV RDTs
The results of the HIV RDTs are presented in Table 4. A
total of 11 products was included, of which six (54%) did



Table 1 Desiccant in RDTs

Items checked Criteria, background and reference

1. Presence of desiccant in device packaging Desiccant protects the RDT from humidity before
the device packaging is opened [20]

2. Humidity indicator

2.1. Presence of humidity indicator (self-indicating,
partial-indicating, non-indicating (Figure 1)

Desiccant with a colour indicator of humidity
is preferred [1]

2.2. Composition of humidity indicator
(based on colour appearance)

Cobalt dichloride should be avoided [24,25,27]

3. Material of desiccant sachet:

3.1. Permeable Sachet should be vapor permeable to allow
humidity uptake

3.2. Transparent

Colour of beads easily visible with no additional light
source needed, additional light source needed, sachet
not transparent precluding inspection of colour change

Sachet should be transparent to allow easy colour
check of the humidity indicator

4. Warning message on sachet:

4.1. Not to eat the content of the sachet The desiccant may be harmful if swallowed,
so it should be kept away from children [20]

5. Information available in instructions for use:

5.1. To check the colour of the silica gel after
opening the device packaging

Silica gel colour should be checked upon opening
of device packaging [19,21-23]

5.2. How to interpret the colour change of the silica gel Interpretation of colour indication should be mentioned
in IFU or on sachet

5.3. What to do when the silica gel is saturated The RDT should be discarded and a new RDT
should be used [21-23]

5.4. To discard the sachet after colour has been checked Once the packet is opened, the sachet should be discarded [20]

5.5. Information on properties, safety hazards, remedies and
safe disposal of the desiccants should be provided
by the manufacturer

It is the responsibility of the manufacturer to provide
accurate information on this [1]

Items and criteria used to assess RDT desiccant and their instructions for use.

Barbé et al. Malaria Journal 2012, 11:326 Page 5 of 10
http://www.malariajournal.com/content/11/1/326
not supply a self-indicating desiccant, including one
product with no desiccant added to the RDT packaging.
All but two desiccants consisted of silica gel, one con-
tained molecular sieve and the other contained Mont-
morillonite clay. All sachets with partial-indicating silica
gel (four products, 36%) needed either a strong light
source or opening of the sachet to enable visual inspec-
tion of the indicator colour. All desiccant sachets con-
tained the warning message “Do not eat”. Cobalt
dichloride was the humidity indicator of choice for three
of the five RDT products containing self- and partial-
Table 2 Desiccants malaria RDT products (n =50)

Desiccant present Type of desiccant

Yes (49) Silica gel, self-indicating (22)

Silica gel, partial-indicating (8)

Silica gel, non-indicating (17)

Tablet unknown identity, non-indicating (2)

No (1) NA

Presence and type of desiccant, warning label and ease of observation of colour ch
NA=not applicable.
indicating silica gel, while the other two contained silica
gel coated either with methyl violet or iron salts. Among
the IFU of RDT products supplying self- or partial-
indicating silica gel (n = 5, 45%) only one contained
instructions to check the indicator colour before use and
to discard the RDT when the indicator is saturated.

Discussion
Summary of findings
The present showed that 40% of 50 malaria RDT pro-
ducts did not meet the WHO recommendation to
Ease of observation of colour
change of humidity indicator

Warning on desiccant

Easily visible (22) Do not eat (46)

Requires additional light (8)

NA

NA No warning

NA NA

ange of humidity indicator. Data refer to number of RDT products.



Figure 3 Examples of three silica gel sachets. Left: partial-indicating silica gel, with instructions for interpretation. Center: partial-indicating
silica gel, no instructions for interpretation. Both sachets (left and center) are packed in a transparent but vapor-impermeable plastic preventing
uptake of humidity. Right: vapor-permeable sachet with inspection window. Note warning message written in multiple languages – mandatory in
CE-marked products - (sachet at the left) and the pictogram “Do not eat” (all three sachets) which is not clear on the sachet at the right.
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include a self-indicating desiccant in the device pack-
aging. Silica gel was the most frequently used desiccant.
Among the 16 RDT products with indicating silica gel
Table 3 Silica gel sachets inspected in RDTs: type,
presence of indicator and saturation

N° Number of
sachets assessed

% saturated*
(95% CI)

% without
indicator† (95% CI)

Self-indicating silica gel

1 625 0.0

2 1,933 0.05 (0.01 - 2.88)

3 190 0.0

4 223 0.0

5 550 0.0

6 484 1.2 (0.46 - 2.68)

7 566 4.6 (3.02 - 6.66)

Partial-indicating silica gel{

1 1,507 0.3 (0.08 - 0.75) 9.5 (8.06 - 11.08)

2 2,160 0.1 (0.13 - 0.39) 13.5 (12.06 - 14.99)

3 384 2.5 (1.09 - 4.87) 16.7 (13.08 - 20.78)

4 672 0.2 (0.00 - 0.94) 12.5 (10.09 - 15.24)

5 2,066 0.0 14.6 (13.08 - 16.17)

6 483 0.0 17.8 (14.50 - 21.52)

7 1,721 3.6 (2.75 - 4.68) 10.2 (8.84 - 11.76)

8 483 0.0 0.6 (0.13 - 1.80)

9 146 0.0 6.8 (3.33 - 12.24)

* % saturated: proportion (%) of sachets with humidity indicator that indicated
saturation.
† % without indicator: proportion (%) of partial-indicating silica gel sachets in
which no indicator (coloured) beads were observed.
{ The number of partial-indicating silica gel sachets exceeds that of table 2
because from one RDT product two lots with different desiccant types,
including partial-indicating silica gel, were available.
assessed, half contained saturated silica gel sachets in
frequencies up to 4.6% of sachets inspected. In all nine
RDTs with partial- indicating silica gel, sachets with no
colour-indicating beads were found (median 13.5%) and
an additional light source was needed to inspect the
sachets for colour change of the indicator beads. Cobalt
dichloride was the most frequently used humidity indi-
cator. A safety warning was printed on all but three
desiccants, but IFU mentioned to check the desiccant
for a change in colour in only less than half of RDT pro-
ducts with indicating silica gel and did not contain infor-
mation about properties, safety hazard and disposal of
the desiccant. Similar findings were observed for 11 HIV
RDT products.
Table 4 Desiccants HIV RDT products (n = 11)

Desiccant
present

Type of desiccant Ease of observation
of colour change of
humidity indicator

Warning on
desiccant

Yes (10) Silica gel,
self-indicating (1)

Easily visible (1) Do not
eat (10)

Silica gel,
partial-indicating (4)

Requires additional
light (3)

Requires opening
of sachet (1)

Silica gel,
non-indicating (3)

NA

Other type of desiccant,
non-indicating (2)

NA

No (1) NA NA NA

Presence and type of desiccant, warning label and ease of observation of
colour change of humidity indicator. Data refer to number of RDT products.
NA = not applicable.
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Humidity affects RDT performance particularly in tropical
settings
It is well known that freezing as well as high temperatures
degrade immunochromatographic RDTs and decrease their
performance [1]. Likewise, humidity is deleterious [2,5-7].
Humidity weakens the bonds between proteins applied at
the control and test lines of the RDT nitrocellulose strip [1]
and can complex with sugar molecules thereby delaying
particle resolubilization [28]. Humidity results from con-
densation of water present in the atmosphere; this is espe-
cially important in environments with high humidity
combined with high temperature (such as in many tropical
settings), where a temperature decrease of just 5°C will
already cause condensation (Figure 1). A desiccant will
reduce the relative humidity inside the device packaging so
that condensation will be prevented. WHO recommends to
add a self-indicating desiccant to the device packaging for
malaria RDTs. Just after opening the device packaging and
before using the device, the colour of the humidity indica-
tor should be checked. If it is saturated, the RDT device
should not be used but should be discarded [19,21-23].

The need for a colour-indicating desiccant
In view of the protecting role of the desiccant and the
implications of humidity excess, it is striking that 40% of
RDT products did not supply a self-indicating desiccant in
the device packaging. The fact that, among RDT products
with self-indicating gel, up to 4.6% of sachets showed a
saturated indicator highlights the relevance of this require-
ment. The use of non-indicating silica gel does not allow
to check the desiccant for saturation (and the device for
inappropriateness) and should be discouraged. Further,
also sachets with partial-indicating gel did not meet
acceptable standards: up to 13.5% of sachets did not con-
tain indicator beads, which points to a problem in produc-
tion of the sachets. Likewise, the few indicator beads per
sachet did not allow to assess colour change through the
sachet: to assess colour change, sachets needed to be
inspected with an additional light source, which is unprac-
tical and not sustainable in recourse limited settings. Of
note, reasons to opt for partial-indicating silica gel are
probably cost-related: the estimated whole sale price for a
sachet of self-indicating silica gel is 0.70 – 0.95 U.S. dollar
cent compared to 0.50 -0.70 cent for a sachet of partial-
indicating gel (Byung-Ki Cho, personal communication,
March 27 2012). Replacing the sachet material by trans-
parent plastic is unsuccessful as this material does not
allow penetration of humidity; in contrast, the use of a
paper or tissue sachet with a cellophane reading window
meets the requirements (Figure 3).

Health hazards caused by desiccants
Cobalt dichloride was by far the most frequently used
humidity indicator. Cobalt dichloride has been classified
by the EC as a “Carcinogen, category 1B” (H350i: may
cause cancer by inhalation) in 2008 and as “Toxic for
reproduction, category 1B” (HR60F: may damage fertility)
as of 1 December 2012 [24,26,27]. Inhalation of dusts,
fumes and mist containing cobalt can cause cancer [24,29].
As an alternative, self-indicating silica gels may be coated
with non-toxic and non-flammable indicators such as me-
thyl violet and iron salts (Figure 4). The present study how-
ever demonstrates that these non-toxic alternatives are not
yet widely implemented. In addition, all desiccants pose a
choking hazard when accidently ingested by small children
[20,30]. The American Association of Poison Control Cen-
ters documented 33,705 desiccant exposures in 2010 of
which 89% occurred in children minus six years old [31].
Finally, silica gel can cause irritation to the respiratory sys-
tem when inhaled, to the digestive tract when ingested and
after skin- and eye-contact [32,33].

Information to be supplied to the end-user:
interpretation, safety, waste management
IFU of RDTs should include relevant information about
both interpretation and safety of the desiccant. As to
interpretation, it was striking that only half of RDT pro-
ducts with indicating desiccant mentioned to check the
indicator and to discard the RDT test in case of humid-
ity saturation. Remediation can be easily done by adding
appropriate information to the IFU or – such as in the
case of the interpretation of the indicator colour – to
the desiccant sachet (Figure 3). A field study conducted
by QAP (Quality Assurance Project) and WHO in the
Philippines and Laos in 2004 showed that omission of
checking the humidity indicator of the desiccant was a
frequently observed error among end-users, even when
it was mentioned in the job aids [19]. Unlike the previ-
ous version, the most recent version of the generic
job aids for malaria RDTs does not contain depicted
information about the check of the humidity indica-
tor [34], and it is suggested to include this informa-
tion again.
As to safety, it was noted that all but one silica gels

sachets mentioned “Do not eat”. The tablets supplied in
two RDT products from one manufacturer did not con-
tain information about their nature nor any warning and
this is dangerous as they showed misleading similarity
with a drug tablet. Further, in the scope of rolling-out of
RDTs to remote community settings, one might question
universal comprehension of the English text of IFUs.
Although pictograms are used (Figure 3), there is
no graphical symbol conveying the message “Do not
eat” published by the International Organization of
Standardization (ISO). As for graphical symbols on in-
vitro diagnostics, candidate symbols should be carefully
assessed for universal comprehension by end-users of
different educational and cultural backgrounds [35].



Figure 4 Different types of silica gel. Upper left: non-indicating silica gel, transparent or opaque beads. Upper right: self-indicating silica gel,
methyl violet as the humidity (colour) indicator. Lower left: self-indicating silica gel, cobalt dichloride. Lower right: partial-indicating silica gel: a
majority of non-indicating beads with a few indicator beads.
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A final concern is waste management. WHO recom-
mends to discard the sachet immediately after inspec-
tion in order to prevent incorrect use or accidental
exposure [20] and desiccants are considered as general
waste [36].
In the laboratory setting, silica gel sachets can be reused

for other applications after regenerating, i.e. evaporation
of the absorbed humidity by controlled heating. Examples
of such applications include humidity protection of filter
paper with Dried Blood Spots or of microscopes during
storage and transport [37-40]. Silica gel coated with cobalt
dichloride should however not be regenerated, since toxic
dust particles may be released during heating [24].

Limitations and strengths of the study
The present study was cross-sectional and only
addressed part of the marketed RDTs products. Further,
only in part of RDT products with indicating gels, indi-
vidual sachets were assessed for the presence of satu-
rated humidity indicators and the absence of indicator
beads. In addition, the study was conducted in a
temperature- and humidity controlled reference setting
and not designed to assess influences of shipment and
storage on the saturation of the desiccant.
On the other hand, the selection of RDTs presently stud-

ied represented products widely used in the field, including
one third of those on the Global Fund list. The results were
homogeneous and consistent, with no particular outliers,
and they pointed to issues applying to all kind of RDTs
based on immunochromatography, as was confirmed by
an additional assessment of 11 HIV RDT products.

Relevance of the findings
The present findings and criteria complement those of a
previous study about packaging, labelling and IFU and
the proposed operational checklist [9].They further con-
vey messages for manufacturers, regulatory authorities
and bulk procurement agencies. As discussed above,
manufacturers can easily improve and extent the infor-
mation added to the IFU. Design and production of
desiccants – mostly outsourced to subcontractors –
should address issues such as phasing out cobalt dichlor-
ide and assuring easy readable humidity indicators. As in
the present study, CE and Global Fund-listed RDT
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products did not score better compared to RDT pro-
ducts that were not, it is clear that there is a role for
health authorities in stimulating and monitoring compli-
ance of RDT products with existing requirements. Like-
wise, suitable and culture-wide warning symbols should
be designed. Procurement agencies should include the
quality criteria in their product requirements to avoid
that cost issues would orient manufacturers to cheaper
but inappropriate solutions.

Conclusion
In conclusion, the design of desiccants currently pro-
vided in RDTs should improve, with regard to type (self-
indicating desiccant which is easy to inspect), safety
(phasing out of cobalt dichloride) and information sup-
plied in the IFU.

Additional file

Additional file 1: List of malaria RDT products that were assessed.

Abbreviations
CE: European Community; CI: Confidence Intervals; DRC: Democratic Republic
of Congo; GMP: Good Manufacturing Practice; HIV: Human
Immunodeficiency Virus; IFU: Instructions for use; ISO: International
organization for standardization; ITM: Institute of Tropical Medicine;
QAP: Quality Assurance Project; RDT(s): Rapid diagnostic test(s); RH: Relative
Humidity; WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Author’s contributions
BB, PG and JJ designed the study protocol, PG, GB and KF organized sample
collection. BB, PG and GB carried out the RDT test evaluations, BB, PG and JJ
analyzed and interpreted the results. BB, PG and JJ drafted the manuscript.
“All authors critically reviewed the manuscript and approved the final
manuscript.”

Author details
1Unit of Tropical Laboratory Medicine, Department of Clinical Sciences,
Institute of Tropical Medicine, Antwerp, Belgium. 2HIV/STI Reference
Laboratory, Department of Clinical Sciences, Institute of Tropical Medicine,
Antwerp, Belgium.

Received: 8 May 2012 Accepted: 4 September 2012
Published: 13 September 2012

References
1. World Health Organization: Good practices for selecting and procuring rapid

diagnostic tests for malaria. 2011. http://whqlibdoc.who.int/publications/
2011/9789241501125_eng.pdf.

2. World Health Organization: Guidelines for the treatment of malaria, second
edition. 2010. http://whqlibdoc.who.int/publications/2010/
9789241547925_eng.pdf.

3. World Health Organization: Universal access to malaria diagnostic testing. An
operational manual. 2011. http://whqlibdoc.who.int/publications/2011/
9789241502092_eng.pdf.

4. World Health Organization: World Malaria Report 2011.; 2011. http://www.
who.int/malaria/world_malaria_report_2011/9789241564403_eng.pdf.

5. McMorrow ML, Masanja MI, Kahigwa E, Abdulla SM, Kachur SP: Quality
assurance of rapid diagnostic tests for malaria in routine patient care in
rural Tanzania. AmJTrop Med Hyg 2010, 82:151–155.
6. Craig MH, Bredenkamp BL, Williams CH, Rossouw EJ, Kelly VJ, Kleinschmidt I,
Martineau A, Henry GF: Field and laboratory comparative evaluation of
ten rapid malaria diagnostic tests. Trans R Soc Trop Med Hyg 2002,
96:258–265.

7. Chiodini PL, Bowers K, Jorgensen P, Barnwell JW, Grady KK, Luchavez J,
Moody AH, Cenizal A, Bell D: The heat stability of Plasmodium lactate
dehydrogenase-based and histidine-rich protein 2-based
malaria rapid diagnostic tests. Trans R Soc Trop Med Hyg 2007,
101:331–337.

8. Murray CK, Gasser RA Jr, Magill AJ, Miller RS: Update on Rapid Diagnostic
Testing for Malaria. Clin Microbiol Rev 2008, 21:97–110.

9. Gillet P, Maltha J, Hermans V, Ravinetto R, Bruggeman C, Jacobs J: Malaria
rapid diagnostic kits: quality of packaging, design and labelling of boxes
and components and readability and accuracy of information inserts.
Malar J 2011, 10:39.

10. Crucitti T, Fransen K, Maharaj R, Tenywa T, Massinga LM, Murugavel KG,
Mendonca K, Abdellati S, Beelaert G, Van DL: Obtaining valid laboratory
data in clinical trials conducted in resource diverse settings: lessons
learned from a microbicide phase III clinical trial. PLoS One 2010,
5:e13592.

11. Gillet P, Scheirlinck A, Stokx J, De Weggheleire A, Chauque HS, Canhanga
OD, Tadeu BT, Mosse CD, Tiago A, Mabunda S, Bruggeman C, Bottieau E,
Jacobs J: Prozone in malaria rapid diagnostics tests: how many cases are
missed? Malar J 2011, 10:166.

12. Gillet P, Bosselaers K, Cnops L, Bottieau E, Van Esbroeck M, Jacobs J:
Evaluation of the SD FK70 malaria Ag Plasmodium vivax rapid diagnostic
test in a non-endemic setting. Malar J 2009, 8:129.

13. Maltha J, Gillet P, Cnops L, Bottieau E, Van Esbroeck M, Bruggeman C,
Jacobs J: Evaluation of the rapid diagnostic test SDFK40
(Pf-pLDH/pan-pLDH) for the diagnosis of malaria in a non-endemic
setting. Malar J 2011, 10:7.

14. Van der Palen M, Gillet P, Bottieau E, Cnops L, Van Esbroeck M, Jacobs J:
Test characteristics of two rapid antigen detection tests (SD FK50 and
SD FK60) for the diagnosis of malaria in returned travellers. Malar J 2009,
8:90.

15. van Dijk DP, Gillet P, Vlieghe E, Cnops L, Van Esbroeck M, Jacobs J:
Evaluation of the Immunoquick + 4 malaria rapid diagnostic test in a
non-endemic setting. Eur J Clin Microbiol Infect Dis 2010,
29:577–583.

16. van Dijk DP, Gillet P, Vlieghe E, Cnops L, Van Esbroeck M, Jacobs J:
Evaluation of the Palutop + 4 malaria rapid diagnostic test in a
non-endemic setting. Malar J 2009, 8:293.

17. Gillet P, van Dijk DP, Bottieau E, Cnops L, Van Esbroeck M, Jacobs J: Test
characteristics of the SD FK80 Plasmodium falciparum/Plasmodium vivax
malaria rapid diagnostic test in a non-endemic setting. Malar J 2009,
8:262.

18. The Global Fund: List of RDT kits for malaria classified according to the Global
Fund Quality Assurance Policy, version 3. 2012. www.theglobalfund.org/
Documents/psm/PSM_QADiagnostics_Malaria_list.

19. Rennie W, Harvey SA: Field report. Developing and testing a generic job aid
for malaria rapid diagnostic tests (RDTs). 2004. http://www2.wpro.who.int/
internet/resources.ashx/RDT/docs/pdf_version/
Developing_and_testing_an_RDT_Job_Aid.pdf.

20. World Health Organization: How to use a Rapid Diagnostic Test (RDT): A
guide for training at a village and clinic level. 2008. http://www.wpro.who.int/
sites/rdt/using_rdts/training/rdt_training_falciparum.htm.

21. World Health Organization: Methods manual for laboratory quality control
testing of malaria rapid diagnostic tests. Version 6. 2010. http://www2.wpro.
who.int/internet/resources.ashx/RDT/docs/pdf_version/
rdt_laboratory_qc_testing_meth_man_v6.pdf.

22. World Health Organization: Regional Office for the Western Pacific 2003.
Malaria Rapid Diagnosis: Making it Work. Meeting report 20–23 January 2003.
Manila, the Philippines. 2003. http://www.searo.who.int/LinkFiles/
Malaria_MalariaRDT.pdf.

23. World Health Organization: Malaria Rapid Diagnostic Test Performance;
Results of WHO product testing of malaria RDTs: Round 3 (2011). 2011. http://
www.finddiagnostics.org/export/sites/default/resource-centre/
reports_brochures/docs/RDTMalariaRd3_web.pdf.

24. European Chemicals Agency: Background document for cobalt dichloride.
2011. http://echa.europa.eu/documents/10162/13640/
backgroundoc_cobalt_dichloride_en.pdf.

http://www.biomedcentral.com/content/supplementary/1475-2875-11-326-S1.xlsx
http://whqlibdoc.who.int/publications/2011/9789241501125_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241501125_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241547925_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241547925_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241502092_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241502092_eng.pdf
http://www.who.int/malaria/world_malaria_report_2011/9789241564403_eng.pdf
http://www.who.int/malaria/world_malaria_report_2011/9789241564403_eng.pdf
http://www.theglobalfund.org/Documents/psm/PSM_QADiagnostics_Malaria_list
http://www.theglobalfund.org/Documents/psm/PSM_QADiagnostics_Malaria_list
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/Developing_and_testing_an_RDT_Job_Aid.pdf
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/Developing_and_testing_an_RDT_Job_Aid.pdf
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/Developing_and_testing_an_RDT_Job_Aid.pdf
http://www.wpro.who.int/sites/rdt/using_rdts/training/rdt_training_falciparum.htm
http://www.wpro.who.int/sites/rdt/using_rdts/training/rdt_training_falciparum.htm
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/rdt_laboratory_qc_testing_meth_man_v6.pdf
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/rdt_laboratory_qc_testing_meth_man_v6.pdf
http://www2.wpro.who.int/internet/resources.ashx/RDT/docs/pdf_version/rdt_laboratory_qc_testing_meth_man_v6.pdf
http://www.searo.who.int/LinkFiles/Malaria_MalariaRDT.pdf
http://www.searo.who.int/LinkFiles/Malaria_MalariaRDT.pdf
http://www.finddiagnostics.org/export/sites/default/resource-centre/reports_brochures/docs/RDTMalariaRd3_web.pdf
http://www.finddiagnostics.org/export/sites/default/resource-centre/reports_brochures/docs/RDTMalariaRd3_web.pdf
http://www.finddiagnostics.org/export/sites/default/resource-centre/reports_brochures/docs/RDTMalariaRd3_web.pdf
http://echa.europa.eu/documents/10162/13640/backgroundoc_cobalt_dichloride_en.pdf
http://echa.europa.eu/documents/10162/13640/backgroundoc_cobalt_dichloride_en.pdf


Barbé et al. Malaria Journal 2012, 11:326 Page 10 of 10
http://www.malariajournal.com/content/11/1/326
25. European Chemicals Agency: Support document for identification of cobalt
dichloride as a substance of very high concern because of its CMR properties.
2011. http://echa.europa.eu/documents/10162/80921ae6-5109-4057-9640-
b066ed58a766.

26. European Commission: Commission Regulation (EC) No 790/2009 of 10
August 2009 amending, for the purposes of its adaptation to technical and
scientific progress, Regulation (EC) no 1272/2008 of the European Parliament
and of the Council on classification, labelling and packaging of subtances and
mixtures. 2009. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:
L:2009:235:0001:0439:en:PDF.

27. European Commission: Regulation (EC) No 1272/2008 of the European
parliament and of the council of 16 December 2008 on classification, labelling
and packaging of substances and mixtures, amending and repealing Directives
67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006.
2008. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:
L:2008:353:0001:1355:en:PDF.

28. Millipore Corporation: Rapid lateral flow test strips. Considerations for product
development. 2008. http://www.millipore.com/publications.nsf/
a73664f9f981af8c852569b9005b4eee/348ee7096d93729b85256bf40066a40d/
$FILE/tb500en00.pdf.

29. National Institute for Occupational Safety and Health: International Chemical
Safety Card 0783 - Cobalt (II) Chloride. 2004. http://www.cdc.gov/niosh/
ipcsneng/neng0783.html.

30. Schier JG, Hoffman RS, Nelson LS: Desiccant-induced gastrointestinal
burns in a child. Vet Hum Toxicol 2002, 44:343–344.

31. Bronstein AC, Spyker DA, Cantilena LR Jr, Green JL, Rumack BH, Dart RC:
2010 Annual Report of the American Association of Poison Control
Centers' National Poison Data System (NPDS): 28th Annual Report. Clin
Toxicol (Phila) 2011, 49:910–941.

32. Science Lab: Material Safety Data Sheet Silicon Dioxide, Amorphous. 2012.
http://www.sciencelab.com/msds.php?msdsId=9924924.

33. Brownell Limited: Material Safety Data Sheet Envirogel Indicating (orange-to-
green) silica gel. 2008. http://www.envirogel.co.uk/
material_safety_datasheet_env.htm.

34. World Health Organization: How to do the rapid test for malaria. Modified for
training in the use of the generic Pf test for falciparum malaria. 2010. http://
www2.wpro.who.int/NR/rdonlyres/D76666F7-5BF8-453F-9DA8-
3EB4A9056CD6/0/GenericPfJobAid_Final_lowRES.pdf.

35. Hermans V, Monzote L, Van den Sande B, Mukadi P, Sopheak T, Gillet P,
Jacobs J: Assessment of the knowledge of graphical symbols labelled on
malaria rapid diagnostic tests in four international settings. Malar J 2011,
10:331.

36. World Health Organization: Transporting, Storing, and Handling Malaria Rapid
Diagnostic Tests in Health Clinics. 2009. http://deliver.jsi.com/dlvr_content/
resources/allpubs/guidelines/TranStorRDT_Clinic.pdf.

37. World Health Organization: Methods and techniques for clinical trials on
antimalarial drug efficacy: genotyping to identify parasite populations. Informal
consultation organized by the Medicines for Malaria Venture and cosponsored
by the World Health Organization. 2008. http://whqlibdoc.who.int/
publications/2008/9789241596305_eng.pdf.

38. Clinical and Laboratory Standards Institute (CLSI): Blood collection on filter
paper for newborn screening programs; Approved standard - Fifth edition.
LA4-A5, Vol. 27, No. 20. 2007.

39. World Health Organization: Maintenance manual for laboratory equipment,
2nd edition. 2008. http://whqlibdoc.who.int/publications/2008/
9789241596350_chapters1-9_eng.pdf.

40. World Health Organization: The microscope: A practical guide. 1999. http://
www.tbcindia.nic.in/pdfs/Microsc1.pdf.

41. GeeJay Chemicals Ltd: UK supplier of desiccants; 2012.
http://www.geejaychemicals.co.uk/default.htm.

42. SorbentSystems: 2012. http://www.sorbentsystems.com/.
43. Conservation by Design Limited: MSDS Self-indicating green-orange silica gel.

2012. http://ge-iic.com/files/fichas%20productos/gel_silice_color.pdf.
44. Wisepack Desiccants: 2012. http://www.wisepac.com.

doi:10.1186/1475-2875-11-326
Cite this article as: Barbé et al.: Assessment of desiccants and their
instructions for use in rapid diagnostic tests. Malaria Journal 2012 11:326.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://echa.europa.eu/documents/10162/80921ae6-5109-4057-9640-b066ed58a766
http://echa.europa.eu/documents/10162/80921ae6-5109-4057-9640-b066ed58a766
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:235:0001:0439:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:235:0001:0439:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:en:PDF
http://www.millipore.com/publications.nsf/a73664f9f981af8c852569b9005b4eee/348ee7096d93729b85256bf40066a40d/FILE/tb500en00.pdf
http://www.millipore.com/publications.nsf/a73664f9f981af8c852569b9005b4eee/348ee7096d93729b85256bf40066a40d/FILE/tb500en00.pdf
http://www.millipore.com/publications.nsf/a73664f9f981af8c852569b9005b4eee/348ee7096d93729b85256bf40066a40d/FILE/tb500en00.pdf
http://www.cdc.gov/niosh/ipcsneng/neng0783.html
http://www.cdc.gov/niosh/ipcsneng/neng0783.html
http://www.sciencelab.com/msds.php?msdsId=9924924
http://www.envirogel.co.uk/material_safety_datasheet_env.htm
http://www.envirogel.co.uk/material_safety_datasheet_env.htm
http://www2.wpro.who.int/NR/rdonlyres/D76666F7-5BF8-453F-9DA8-3EB4A9056CD6/0/GenericPfJobAid_Final_lowRES.pdf
http://www2.wpro.who.int/NR/rdonlyres/D76666F7-5BF8-453F-9DA8-3EB4A9056CD6/0/GenericPfJobAid_Final_lowRES.pdf
http://www2.wpro.who.int/NR/rdonlyres/D76666F7-5BF8-453F-9DA8-3EB4A9056CD6/0/GenericPfJobAid_Final_lowRES.pdf
http://deliver.jsi.com/dlvr_content/resources/allpubs/guidelines/TranStorRDT_Clinic.pdf
http://deliver.jsi.com/dlvr_content/resources/allpubs/guidelines/TranStorRDT_Clinic.pdf
http://whqlibdoc.who.int/publications/2008/9789241596305_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596305_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596350_chapters1-9_eng.pdf
http://whqlibdoc.who.int/publications/2008/9789241596350_chapters1-9_eng.pdf
http://www.tbcindia.nic.in/pdfs/Microsc1.pdf
http://www.tbcindia.nic.in/pdfs/Microsc1.pdf
http://www.geejaychemicals.co.uk/default.htm
http://www.sorbentsystems.com/
http://ge-iic.com/files/fichas%20productos/gel_silice_color.pdf
http://www.wisepac.com

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Panel of RDT products
	Different types of desiccants
	Assessment of desiccants and instructions for use
	Inspection of the individual &b_k;self-&e_k;&b_k;indicating&e_k; and &b_k;partial-&e_k;&b_k;indicating&e_k; silica gels sachets
	Data management and statistical analysis
	Additional analysis of HIV RDTs

	Results
	Panel of RDTs assessed
	Presence, type and content of the desiccant, labelling of sachet
	Information supplied by the instructions for use
	Inspection of the individual &b_k;self-&e_k;&b_k;indicating&e_k; and &b_k;partial-&e_k;&b_k;indicating&e_k; silica gels sachets
	Differences between CE marked and global fund listed RDTs and those which were not
	Additional analysis of HIV RDTs

	Discussion
	Summary of findings
	Humidity affects RDT performance particularly in tropical settings
	The need for a &b_k;colour-&e_k;&b_k;indicating&e_k; desiccant
	Health hazards caused by desiccants
	Information to be supplied to the end-user: interpretation, safety, waste management
	Limitations and strengths of the study
	Relevance of the findings

	Conclusion
	Additional file
	Competing interests
	Author´s contributions
	Author details
	References

