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ABSTRACT

Aims: To rectify the application of negative staining using India Ink dye in order to visualize the
opportunistic yeast, Cryptococcus neoformans and its capsule.

Discussion: The yeast C. neoformans is generally considered an opportunistic fungal pathogen
due to its propensity to infect immunocompromised hosts, particularly those with HIV (+). This yeast
responsible for causing severe disseminated Cryptococcus meningoencephalitis (CM) in humans.
The type of clinical sample commonly sent for laboratory analysis of suspected patients is the
cerebrospinal fluid (CSF) that usually obtained from spinal tap or lumbar puncture procedure.
laboratory analysis to confirm CM initially by direct visualization of Cryptococci via light microscopy.
Visualization of capsule, as the hallmark of C. neoformans is easy when appropriate humber of
yeasts are available in the clinical sample. India Ink is the dye of choice to stain C. neoformans and
its capsule. The pathognomonic resemblance of its capsule is that of a halo appearance, whether
thin or thick, surrounding the cell made visible by suspending the yeast in India ink preparations.
Conclusion: India ink stain is still widely used for the detection of cryptococci in CSF, particularly in
resource-limited laboratory/health service. Its sensitivity can be improved.
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1. INTRODUCTION

Cryptococcus meningoencephalitis (CM) is a

fatal and complicated opportunistic fungal
infection associated with Human
Immunodeficiency Virus infection [1,2]. It is

accounted responsible for >600,000 global
unexpected deaths annually [3]. The etiology
agent is primarily C. neoformans [4], which is
commonly found in bird dropping, where bird act
as carriers and spreaders in the environment [5],
and or in the decaying wood in tree trunk
hollows which act as natural substrate
of the yeasts comfort zone and nutritional
source [6].

If the environment basidiospores accidentally
breathed in by the host [7], it then goes to the
lung, and able to penetrate deeply into lung
alveoli [8], enter and multiplies itself inside the
alveolar macrophage [9] without causing any
damage to the phagocyte cell [10]; it can stay
that way for a long period [11], as long as the
host’s cellular immune system is intact and well-
function [12]. Spread to the brain is possible if
the host experiences a definite reduction in the
number of CD4 cells (<200 cells/uL) and this
condition called CM.

Mycology laboratory Diagnosis of CM requires
analysis of cerebrospinal fluid (CSF) as the
clinical sample [13]; and required at least three
simple but reliable technique namely direct
examination using India ink [14], culture the
sample [15], and CrAg testing [16].

Considering the importance and widely used
India ink in Cryptococcal’'s CSF analysis across
many laboratory, this paper aimed to revisited
the application of India ink as a negative stain
used to smear CSF of patient suspected infected
with CM.

2. THE PRINCIPLES

Negative staining represents one of the simplest,
reliable and speedilier procedures in case of
specimen preparation [17], but unfortunately is
limited in applications, including its tendency to
diffuse and with only low to moderate sensitivity
[18]. Negative staining is preferred for the
observation of flawless microorganisms or other
cell structures without disturbing its cellular
morphology [19].
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The procedure pertained to as negative staining
which employs the use of an acidic stain, due to
repulsion between the negative charges of the
carbon particles inside the stain and the negative
charge of microbial cell surface, and because of
that repel the microorganism cells/portion are not
stained at all [20], and rather coloring the glass
background containing cells [21]. This approach
authorizes the scrutinization of the configuration
or contour of the organism as a clear bright
object against a definite dark background [18-
21]. By doing so, a more exact measurement of
the size of microorganism or cell being analyzed
is made possible [22]. Furthermore, in negative
staining, heat fixation that may shrink the cell or
organism being observed, or in other word can
be change the dimension and integrity of the cell,
is not employable [23]. The purpose of heat
fixation is to bind the specimen to the glass
surface of the slide and prevent significant loss
during washing before the application of the dye
[24]. Killing the cells or microorganism using heat
fixation also improves their permeability to the
dyes used in staining, as proven through study
conducted by Chedore et al [25] on
Mycobacterium  tuberculosis  smear.  but
unfortunately, heat might change the size and
the form of the cell or microorganism being
analyzed [23-25].

Negative stain also offers some benefit, e.g., It is
feasible to spot microorganisms that usually are
strenuous to stain such as the spirilli [26].
Negative staining requires the use of acid stain
such as the Indian ink or nigrosine [19,20,22].
The acid stain with its electronegative charged
chromogenic dye cannot stain the cells due to its
inability to penetrate the same electronegative
charge cell wall on the whole exterior facet of the
bacteria [19]. This indicates that the stain rapidly
releases a proton ion and that the dye’s
chromophore acquires an electronegative
charge.

The basic procedure involves the mixture of fluid
being examined and transfer it as much as at
least two loopfuls onto upper surface a grease
free slide and then followed by the addition of a
loopful of nigrosin dye. This is then followed by
mixing both substance carefully in rotary motion,
and the film is gently spread out as thin as
possible toward both of the edges of the slide,
However, keep in mind that there must be a
small free area left, especially at the edge of the
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Fig. 1. India ink staining procedure of C. neoformans
(a) put a drop of India ink in clean surface of glass slide, (b) take 2 portion of the fluid being analyzed, mixed
them both as gently as possible, spread it in rotary motion as thin as possible, (c) cover the surface of the
mixture with cover glass, (d) cover and mount the cover glass with permanent mounting, (e) analyze under the
microscope and make microscopy photography

glass surface, to avoid the mixture spilling out
over the edge of the glass object. After the
desired area of mixture is achieved, the next step
is to let the mixture to air dry slowly. The next
step is to analyzed the target object under oil
immersion objective lens of the microscope [27].

In case of India ink, it is actually a colloidal
suspension of carbon black particles dispersed in
a medium such as ethylene glycol that being
stabilized by gum [28]. and is commonly used in
pens for calligraphy writing, drawing, or skin
tattooing where the chromogenic pigment of the
dye localized intracellularly in the epidermis and
dermis, no matter it is a fresh or old tattoo [29].
India ink also has a long history of academic and
clinical use as a histologic [30], gross anatomy
[31] and event as marker for surgery [32] and
radiotherapy [33]. Inadvertently, some of the
India ink formulations contain carbon black
particles which consists of stable radical species
at sufficient concentrations that are sensitive to
the presence of oxygen [34] and with their
presence can affect (damaged or degradation)
the composition of protein ingredients of subject
being analyzed [35]. Despite the advantages for
clinical applications, India ink has some
limitations, including a tendency to diffuse [36]
and only low to moderate sensitivity, which
according to India ink's sensitivity is only 42%
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when the CSF Cryptococcus CFU value is
<1,000 per ml of CSF [37]. As an effort to
improve  sensitivity rate, pre-examination
centrifugation of suspected CSF in low speed for
several minutes can likely make the sensitivity of
microscopy examination become better [38].

3. APPROACH TO MAKING CORRECT
DIAGNOSIS

Fluids based clinical sample actually can easily
be processed directly prior the microscopy
observation by directly mixing the pellet obtained
by centrifugation fluids based clinical sample
(CSF, pleural fluid, or Broncho alveolar lavage),
with a drop of India ink [39].

The India ink stain is important in screening CSF
samples of individuals which clinical symptoms
under suspicion CM. When the test performed,
positivity rate can reach up to 83% among
positive patients (HIV infected individuals with
clinically and laboratorally confirmed CM [18].
Unfortunately, false-positive results can occur, in
other words whereas Indian ink stain is useful as
a screening test [1-4,13,14, 18,21,38-42]. Luma
et al [43] revealed that the confirmatory diagnosis
of CM was only made when C. neoformans was
identified in CSF by Indian ink stain. Perhaps this
is the reason why it has a low confirmatory test
value for CM in patients with HIV [42] and may
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lead to over-diagnosis of CM [41,42]. culture of a
CSF sample is required to confirm the diagnosis
[1-4,13,14, 18,21,38-43]. Sufficient amount of
CSF (at least 12 mL) should be obtained [44] for
conducting culture on at least three separated
occasions (if possible) [45]. The aim is to
increase the chance of isolating the yeast [40].

Direct microscopy of the CSF with the addition of
a drop of India ink is the most rapid method for
diagnosing CM [1-4,13,14, 18,21,38-42]. Positive
result revealed a characteristics yeast with
capsule that appeared as halo surrounding
globular encapsulated yeast cell ranging from 4-6
pum, with or without budding, and the thickness of
its capsule varied, it can reach up to 30 um [1].
The sensitivity of India ink microscopy is 80% in
HIV-positive patients but is reduced to only 30—
50% in HIV negative patients [46].

Theoretically, the dye must always be diluted 1:3
with physiological saline solution for the
Cryptococcus’s cell observation. Put first India
ink on the slide to prevent contamination of it by
CSF. Cryptococcus is best detected in
centrifugation sediment.

3.1 Modification

A novel modified India ink technique for the
diagnosis of C. neoformans in cerebrospinal fluid
specimens is described elsewhere [47]. This
modification uses addition of 2% chromium

mercury to the main dye India ink. According to
Zerpa et al [47], three layers from the outer
capsule that have previously been discerned only
by electron microscopy are distinguished. This
novel preparation mimics a polychromatic
preparation, even though no color stains were
used during the procedure. This seemingly
polychromatic presentation [48] of C. neoformans
allowed the distinction of microscopic air bubbles
that sometimes are mistaken for C. neoformans
when the conventional India ink preparation
method is use.

Other modification conducted by Ibembe and
Wiggin [49] in Uganda where getting India ink in
rural part of Uganda is strenuous and
extravagant. In order to accommodate the need
to stain suspected clinical sample of CM, an
alternative stain method was sought to assist in
mycology diagnoses of CM in
immunosuppressed individuals. Mascara, a
cosmetic dye for coloring eyelashes, e.g.,
darkening and thickening, proved to be an
excellent and cheap alternative for India ink, in
the context of microscopic identification of
Cryptococcus in CSF [49]. Continuous search
and modification efforts to provide better
negative staining that are effective, efficient and
more reliable are still being carried out

considering that CM cases continue to increase
in the community and detection as early as
possible is one of the efforts so that this problem
can be controlled.

Fig 2. Encapsulated yeat of C. neoformans (45x objective magnification, light microscope
Olympus CX 21) from enviromental sample which has been preserved with glyceryn 10% in —
20°C
(A) ratio of mixture India ink : glyceryn = 1:2, (B) ratio of mixture India ink : glyceryn = 1:5. (All sample and tools
are courtesy of dept. of Parasitology, faculty of Medicine, Universitas Kristen Indonesia, Jakarta-Indonesia.)



Siagian; Int. J. Path. Res., vol. 13, no. 3, pp. 56-64, 2024; Article no.lIJPR.117066

3.2 Challenge in Making Correct
Diagnosis with India Ink Staining

India ink microscopy has historically been a
quick, low-resource method to detect
Cryptococcus in the CSF [50]. it can be used for
examining the structure of a wide range of living
micro-organisms, e.g., yeast [1-4,13,14,
18,21,38-43] or bacteria [51]. To be effective for
this purpose, an ink should have very nanoscopic
size [52], must always be consistent in sized
particles entirely [53], should spread evenly and
should not coagulate too readily. Though it does
coagulate to some extent in acidic suspensions.
The ink properties itself can become a challenge
in making correct diagnosis of CM.

Such as efforts to diagnose other diseases
based on a combination of the results of
anamnesis, physical examination and supporting
examinations; making correct diagnosis of CM
among HIV (+) individuals using India ink also
give some obstacle, such as (1) too little number
of yeast in the clinical sample, (2) unable to
determine viability and (3) still consider
infectious.

Previous report revealed that India ink have a
lower sensitivity rate compared to Gram stain
and demands greater levels of expertise than the
Gram stain [18]. Other marking dye also
compared with Indian ink [54]. More in depth
study must be conducted in order to achieve
better staining technique.

4. CONCLUSION

The India ink stain is still considered important in
screening CSF samples of patients with
suspected CM. It is easy, effective, efficient and
reliable, with sensitivity can still be improved with
centrifugation of the CSF. Modification of
techniques might also improve the sensitivity.
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