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Abstract

Amyloid beta (AB) and tau pathology have been described in the brains of captive aged great apes,
but the natural progression of these age-related pathologies from wild great apes, including the
gorilla, is unknown. In our previous study of western lowland gorillas (Gorilla gorilla gorilla) who
were housed in American Zoos and Aquariums (AZA)-accredited facilities, we found an age-
related increase in Ap-positive plagues and vasculature, tau-positive astrocytes, oligodendrocyte
coiled bodies, and neuritic clusters in the neocortex as well as hippocampus in older animals.
Here, we demonstrate that aged wild mountain gorillas (Gorilla beringei beringei), who spent their
entire lives in their natural habitat, also display an age-related increase in APP/AB-
immunoreactive blood vessels and plaques, but very limited tau pathology, in the frontal cortex.
These results indicate that Ap and tau lesions are age-related events that occur in the brain of
gorillas living in captivity and in the wild.
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INTRODUCTION

While neurofibrillary tangles (NFTSs) are pathological features exclusive to human
neurodegenerative conditions (Bouras et al., 1994; Braak and Braak, 1991; Jackson and
Lowe, 1996), beta amyloid (Ap) deposits (neuritic and diffuse plaques) and Af angiopathy
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have been reported in several nonhuman primate species. The majority of these studies have
been carried out in captive rhesus monkeys (Gearing et al., 1996; Martin et al., 1991;
Mufson et al., 1994; Norvin et al., 2015; Poduri et al., 1994), long-tailed macaques (Kimura
et al., 2003), Caribbean vervets (Lemere et al., 2004), squirrel monkeys (Walker et al.,
1987), and cotton-top tamarins (Lemere et al., 2008), and a few in great apes (Edler et al.,
2015; Gearing et al., 1997, 1996, 1994; Kimura et al., 2001; Perez et al., 2013; Rosen et al.,
2008). Great apes, which include common chimpanzees, bonobos, gorillas, and orang-utans,
are of significant interest in aging and AD research because they are the closest living
relatives of humans and therefore could provide clues to the evolutionary changes
underlying the onset of AD pathology.

Several reports demonstrate that aged chimpanzees (Gearing et al., 1996, 1994) orang-utans
(Gearing et al., 1997), and gorillas (Kimura et al., 2001; Perez et al., 2013), display diffuse
plaques and vascular amyloid, whereas AD-like NFTs have been observed only in the aged
chimpanzee brain (Edler et al., 2015; Rosen et al., 2008). However, each of these
investigations evaluated brain tissue obtained from great apes that lived in captivity their
entire life or for a significant time. To our knowledge, there are no reports of AD-like
pathology in the brain of wild-living apes, or any other primate species for that matter.
Several studies suggest that environmental conditions and experiences influence brain
function and the risk of developing AD-related pathology (Hu et al., 2010; Lazarov et al.,
2005; Nichol et al., 2007; Snowdon, 2003; Stern et al., 1994). In this regard, a previous
study reported that aged rhesus monkeys with early rearing in smaller cages exhibited
extensive AP plaque deposition in the neocortex compared to aged monkeys reared in
standard-sized cages. By contrast, non-aged monkeys raised in standard-sized cages
exhibited only rare amyloid plaques, suggesting that life experience may constitute a risk
factor for AP plaque deposition later in life (Merrill et al., 2011). Therefore, it is important
to determine whether environmental factors influence the development of AD-like pathology
in great apes. In our previous study of western lowland gorillas (Gorilla gorilla gorilla)
housed in US zoos we demonstrated the presence of AP plaques, AP vascular deposition,
and tau-like lesions in the neocortex and hippocampus in old male and female individuals
(Perez et al., 2013). However, whether gorillas who lived their entire life in their natural
habitat develop AD-like pathology is unknown. Therefore, we used immunohistochemical
and histofluorescence techniques to reveal the presence of AB and tau pathology during
aging in the frontal cortex of the wild mountain gorilla (Gorilla beringei beringei).

Mountain gorillas differ from western lowland gorillas in a number of features, including a
greater reliance on a folivorous diet and more rapid growth and development (McFarlin et
al., 2013). In addition, they are among the closest extant relatives of modern humans, as
demonstrated by the recent sequencing of the gorilla genome (Scally et al., 2012). Mountain
gorillas are found in the high elevations of the Virunga Mountains in the northwest border of
Rwanda, Democratic Republic of Congo, and Uganda (Doran et al., 2002). The maximum
lifespan of wild gorillas range from 35 to 40 years (Bronikowski et al., 2011), whereas
captive great apes have exceeded 50 years (Perez et al., 2013).
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The study sample included a total of 10 adult (>10 years) wild mountain gorillas (G. &.
beringei), with 7 females (16 to 42 years) and 3 males (>20 to 35 years), from the Virunga
volcanic mountains in Rwanda. Although in this study the average age was 31.4 + 8.6 years,
the exact date of birth and age of some of the gorillas were not known but were estimated
based on veterinarian records and dental examination. The estimated age of the female
gorillas Um and Ki was >35 and >40 years old, respectively and the estimated age of the
males Se (silver back) and Sh was >20 and >31 years old, respectively (see Table 1). All
individuals died in the field, and brains (females 416 + 13 g, males 461 + 102 g) were
collected and fixed within 48 hours in 4% paraformaldehyde and maintained in the same
fixative for an average of 49 weeks (range 4 to 103 weeks). Afterwards, brains were stored
in phosphate-buffered saline containing 0.1% sodium azide at 4°C. Right hemisphere blocks
containing frontal cortex (Brodmann areas 6, 8, 9, 44, 45 and 46), anterior cingulate areas
(Brodmann areas 32, 24, and 25), orbitofrontal cortex (Brodmann areas 11 and 47) and
anterior insula were cryoprotected in a graded series of sucrose solutions at 4°C and cut in
the coronal plane at 40 um on a freezing sliding microtome. Sections were stored in a
solution containing 30% glycerin-30% ethylene glycol, in 0.1 M phosphate buffer at —20°C
until processing for immunohistochemistry.

Immunohistochemistry and histofluorescence

Free-floating sections containing frontal cortical areas were singly stained with antibodies
against APP/AB, AB, AB42, Ap40, Tau (Alz50 and AT8), and the endothelial marker CD31
(see Table 2 for details). The molecular nature of the immunogens recognized by these
antibodies and their specificity has been reported previously (Perez et al., 2013). Sections
were washed in Tris-buffered saline (TBS) and incubated in 0.1 M sodium metaperiodate
(Sigma, St. Louis, MO) to inactivate endogenous peroxidase. Tissue was then permeabilized
in TBS containing 0.25% Triton-X (Thermofisher, Waltham, MA) and blocked in the same
solution containing 3% goat serum for 1 h. Sections were incubated with the antibodies at
appropriate dilutions (Table 2) overnight at room temperature in 0.25% Triton X-100, and
1% goat serum solution. The next day, and after several washes in TBS containing 1% goat
serum, tissue was incubated with the appropriate secondary antibodies (Table 2) at a 1:200
dilution for 1 h (Mector Laboratories, Burlingame, CA). Following washes in TBS, sections
were incubated in Vectastain ABC kit (\Vector Laboratories) for 1 h, and developed in
acetate-imidazole buffer containing 0.05% 3,3’-diaminobenzidine tetrahydrochochloride
(DAB, Sigma) with or without nickel intensification (1% nickel sulfate). The reaction was
terminated in acetate-imidazole buffer, the tissue was mounted on slides, dehydrated in
alcohols, cleared in xylenes, and cover-slipped with DPX (Biochemica Fluka, Buchs,
Switzerland). Select sections were also singly stained with anti-Ap40, anti-Ap42, and anti-
AP antibodies (see Table 2) using the protocol described above. A pan-Ap antibody,
MOAB-2-immunostaining, was performed on sections mounted on charged slides that were
pretreated for antigen-retrieval with 88% formic acid for 6 min. Selected sections were Nissl
counterstained with cresyl violet. In addition, as a positive control for each antibody, we
stained cortical sections from a 55 year-old female western lowland gorilla known to have
amyloid plaque and tau-pathology from our previous study (Perez et al., 2013) and from the
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brain of a patient who died with AD. Cortical nomenclature was based upon the
cytoarchitecture of the human brain (Brodmann, 1909; Simi¢ and Hof, 2015).

Some sections also were double-immunolabeled for CD31 and APP/AR as well as for
SMI-34 and AB42. After finishing the standard protocol for CD31 or Ap42 using nickel
intensification, sections were washed with TBS and incubated with antibody 6E10 or
SMI-34 for 24 h in a medium containing TBS, 0.25% TritonX-100, and 1% goat normal
serum. The next day, sections were incubated with biotinylated goat anti-mouse (\ector
Laboratories) and visualized with DAB (brown) without nickel intensification. This dual
staining resulted in a two-color reaction product;: CD31limmunoreactive (-ir) endothelial
cells and AB42 positive plaques appeared dark blue/black whereas SMI-34 profiles, APP/
AB-positive plagues and blood vessels were brown (Perez et al., 2012, 2011).

Thioflavine S histofluorescence was used to examine the fibrillary nature of the Ap deposits
in the vasculature and plaques as described previously (Perez et al., 2013). Bright field and
fluorescence images were acquired using a Nikon Eclipse 80i microscope and a Zeiss LSM
710 confocal, respectively. APP/AB-ir profiles were counted using a 10x objective in a field
size of 1.0 mm?Z.

AP deposition increases with age in the frontal cortex

Bright field examination of immunostained wild mountain gorilla frontal cortex sections
revealed the presence the APP/AB-positive blood vessels and plaques in subjects older than
25 years (Table 1 and Fig. 1A-C). No APP/AB-ir) profiles were found in young female
mountain gorillas (16 and 24 year-old females) (Table 1 and Fig. 1A). By contrast, only few
APP/AB-ir profiles were seen in a male gorilla older than 20 years (Table 1 and Fig. 1M). In
general, vascular APP/AB-ir deposits were numerous between 30 to 40 years of age (Fig.
1C-F, M, N), and were found in meningeal arteries, arterioles, and capillaries, and as
perivascular accumulations mainly in cortical layers I to IV (Fig. 1C-H). While APP/AB-ir
plaques were seen either in association with blood vessels (Fig. 1H), as isolated profiles, or
in clusters primarily in older ages (Fig. 11, J).

Scattered APP/AB-ir blood vessels and plaques were observed in anterior cingulate and
orbitofrontal cortices in a 33 year-old female mountain gorilla (Fig. 1B). By contrast in a 38
year-old female we observed extensive APP/AB positive vasculature in layers | to 1V (Fig.
1D-E), with very limited plaque pathology. In older female gorillas (~40 and 42 years old)
many more APP/AB-positive plaques were seen throughout all cortical layers in the frontal
cortical areas (Fig. 1C, G), including layers V and VI (Fig. 1C, G). For example, the oldest
42 year-old female gorilla the cingulate cortex showed a 2-fold increase in APP/AB-ir
plague density per 1 mm? cortical area compared to a young 33 year-old female. The area
size of cortical APP/AB-ir profiles range from 130 to 2,700umZ. Notably, a female, of an
estimated age of at least 35 years, displayed a wide distribution of APP/AB-ir plagues and
blood vessels within the posterior orbitofrontal cortex and anterior insula, which was
comparable to the 42 year-old female gorilla (Fig. 1K, L). All three male mountain gorillas
(>20 years, >31 years, and 35 years), displayed APP/AB-ir accumulations in blood vessels
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and plaques in the cortex (Fig. 1M-0). However, the two younger male subjects showed
only sparse APP/AB-positive blood vessels and few plaques. By contrast the oldest male
gorilla, showed a more widespread APP/Ap-ir plague and vascular pathology throughout the
cortical areas (Fig. 10).

To examine A species and the fibrillar nature of the amyloid deposits further, neocortical
sections adjacent to those containing extensive APP/AB-positive plaques and vasculature
were immunolabeled with antibodies that detected Ap (MOAB-2) and the AB40 and AB42
species, as well as with thioflavine S. The morphology and topographic distribution of
MOAB-2-labeled plagues and vessels in the 38 and 42 years old female gorillas were
comparable to those stained by 6E10 (APP/AB), indicating that the main amyloidogenic
component in gorilla plaques is AR (Fig. 2A). Plaques and blood vessels were positive for
AP40 and AB42 at the ages examined (Fig. 2B, C). Blood vessels showed stronger
thioflavine S fluorescence compared to plaques, which showed weak staining (Fig. 2D).
Cortical sections double-labeled for APP/AB and the endothelial marker CD31 revealed
APP/AB-ir plague deposits in close apposition to CD31-positive blood vessels (Fig. 2E).
Double immunostaining for phosphorylated neurofilaments using SMI-34 and AB42 did not
reveal dystrophic neurites associated with Ap42-ir plaques (Fig. 2F) in the gorilla cortex
compared to the numerous SMI-34-ir neurites seen within the Ap42-ir plaques in the AD
cortex (Fig. 2G).

Tau-like pathology in the frontal cortex

To examine the presence of alterations in tau protein, frontal cortex sections were stained
with antibodies against Alz50 a tau conformational epitope, and AT8 a phosphorylation tau
marker. In most of the wild mountain gorillas examined, with the exception of two males
(>20 and 35 years old only a few scattered tau immunoreactive profiles (neuritic threads and
glial cells) were seen in the frontal cortex (Table 1). Clusters of Alz50-ir neuritic threads
were found in all female gorillas (Fig. 3A—-C), while an occasional Alz50-ir profile
resembling a glial cell was observed in the oldest gorilla (Fig. 3D, E). Similarly, AT8
positive profiles were found in the frontal cortical areas examined (Fig. 3F, G). Tau positive
cortical profiles did not display an apparent laminar or regional distribution pattern.
Interestingly, no flame-shaped Alz50 or AT8-ir neurons were found in the gorilla frontal
cortex as are seen in AD.

DISCUSSION

Although amyloid plaque, vascular, and tau pathology similar to those typically found in the
AD brain have been described in the neocortex and hippocampus of captive western lowland
gorillas (Kimura et al., 2001; Perez et al., 2013), virtually nothing is known about these
changes in wild-living gorillas. Results from captive western lowland gorillas and wild
mountain gorillas might be expected to vary due to species-specific differences in genetics
and biology, as well as differences in environmental stressors, activity level, and diet. In
particular, the wild mountain gorillas would have had ample opportunities for aerobic
exercise and a low-fat diet of mostly leaves, bark, and pith (Doran and McNeilage, 2001;
Robbins, 2007; Watts, 1996). These factors could interact with AD-like pathology
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progression. Potential stressors in the wild that would not be experienced in the stable
environment of a zoo enclosure, however, include the risk of social upheaval and infanticide
when a resident male is overtaken. We had the unique opportunity to examine AD-like
pathology in the frontal cortex of wild mountain gorillas during aging, but not in the
hippocampus due to limited tissue availability in the individuals examined. Similar to our
previous findings in captive western lowland gorillas (Perez et al., 2013), APP/ApB-positive
blood vessels and plaques first appear in the cortex of wild mountain gorillas between 25 to
30 years of age, but not in younger subjects (16 and 24 years old). At younger ages, cortical
vascular AR deposits were more common than plaques and occurred in meningeal and
arterial vasculature, as well as in the form of perivascular accumulations, as we previously
described in captive western lowland gorillas (Perez et al., 2013). Conversely, the oldest 42
year-old female mountain gorilla, displayed more widespread frontal cortical plaque
pathology compared to younger female gorillas. Similar to western lowland gorillas (Perez
et al., 2013), vascular and plaque deposits were positive for AB40 and AB42 in the wild
mountain gorilla. However, in the present study due to the limited amount of sections and
other technical limitations we could not assess which of the two A species was more
abundant in the wild mountain gorilla or whether both coexisted in the same A profiles.
However, based on our previous findings in western lowland gorilla (Perez et al., 2013) and
in other great apes (Gearing et al., 1996, 1997), where short and less fibrillogenic Ap40 was
more abundant, we speculate that AB40 would be the major form in the wild mountain
gorilla cortex. Thioflavine S histochemisty revealed strong vascular Ap staining compared to
weaker plaque fluorescence, supporting the fibrillar nature of the A in the blood vessels,
but to a lesser extent in plaques. In addition, we did not observe cortical SMI-34 positive
dystrophic neurites surrounding Ap plaques in the wild mountain gorilla. These results are
similar to our previous report in the captive western lowland gorilla (Perez et al., 2013), and
other great apes (Gearing et al., 1997, 1996) lending support the concept that aged gorillas
displayed mainly diffuse plaques but not neuritic plaques (Kimura et al., 2001; Perez et al.,
2013). Interestingly, neuritic plaques, rather than diffuse plaques, correlate with cognitive
decline in normal aging and AD (Arriaga et al., 1992; Giannakopoulos et al., 2003; Nagy et
al., 1995). Whether plaque pathology is associated with cognitive decline in gorillas living in
the wild or in captivity remains unknown. Our data indicate that AB deposits in the
microvasculature and diffuse plaques are common features in the cerebral cortex, occur at
the same chronological ages in both the natural habitat and captivity independent of
environmental conditions.

Compared to the extent of AB-positive structures, there were very limited tau-ir profiles, in
the neocortex in the wild mountain gorilla. Compared to the western lowland gorilla, in
which older individuals (e.g. 49, 50 and 55 years old) were examined and displayed more
extensive tau pathology (Perez et al., 2013), Alz50 and AT8-ir lesions were rarely found in
the frontal cortex of the wild mountain gorilla. Very few cortical clusters of Alz50 and AT8-
ir neuritic threads were present in the frontal cortex, and only scattered Alz50 and AT8-ir
cells resembling glial cells were observed in the oldest wild mountain gorilla, while virtually
no Alz50 or AT8-ir neurons and fibers were found across the ages examined. These
discrepancies in cortical Alz50-positive profiles may due to species differences, or perhaps
age, methodological factors, as well as environmental conditions related to captivity in the
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western lowland gorilla. In this context, it is possible that the shorter lifespan of mountain
gorilla (43 years) in the wild (Bronikowski et al., 2011) underlies the differences in the
extent of tau pathology described in the captive western lowland gorilla or in chimpanzees
(Edler et al., 2015), which have longer lifespans in captivity (>50 years). In addition, the
antigenicity of tau epitopes is dependent upon fixation and postmortem interval (Conti et al.,
1988; Fox et al., 1985; Garver et al., 1994; Oh et al., 2010; Riederer, 1989; Riederer et al.,
1993). Because the wild mountain gorilla brains were obtained from animals found dead in
the wild with recovery intervals up to 48 hours and long fixation periods (up to 100 weeks),
it is likely that these factors also affected the immunohistochemical detection of tau. In this
regard, subject Se, with a relatively small brain weight (343 g) and subject Ti, with a
prolonged fixation time (103 weeks), did not display cortical Alz50-ir profiles suggesting
that both postmortem interval and the length of fixation play a role in the lower prevalence
of tau-positive profiles in the wild mountain compared to western lowland gorillas who lived
in zoos and whose brain could therefore be recovered and processed faster. Nonetheless, we
found that the oldest wild mountain gorillas displayed more tau-positive lesions compared to
the youngest, suggesting that tau pathology in gorillas (Perez et al., 2013), as in other great
apes (Elder et al., 2015) is an age-related event in the wild and in captivity. Since we do not
have behavioral data for the wild mountain gorilla, we are unable to determine whether the
presence of tau in the frontal cortex is a normal aging or pathological response that affects
function.

Our findings revealed that cortical Ap and tau pathology occur in aged gorillas independent
of environmental conditions. However, epidemiological and preclinical studies have
demonstrated that environmental conditions influence risk of developing clinical (Snowdon,
2003; Stern et al., 1994) and pathological AD (Hu et al., 2010; Lazarov et al., 2005; Nichol
et al., 2007). In fact, diet, infections, social environment and other husbandry factors
influence ageing and associated pathologies in great apes and other non-human primates
housed in zoos or in biomedical facilities (Finch and Austad, 2012). Specifically, a study in
aged rhesus monkeys (Macaca mulatta) showed that individuals housed in small cages at
early ages displayed significantly more plaque pathology than those housed their entire life
in standard cages (Merrill et al., 2011). A 41 year-old female chimpanzee who suffered a
stroke and had distribution of NFT-like pathology, which differed somewhat from that seen
in human AD, was remarkably obese and had high cholesterol levels, both AD risk factors
(Rosen et al., 2008). These observations suggest that husbandry might lower the threshold
for AP pathology and tauopathy in captive nonhuman primates.

Our data reveal the presence of Ap-positive microvasculature and diffuse plaques together
with a very limited tau pathology in the frontal cortex in aged wild mountain gorillas,
supporting previous findings from another gorilla species (Perez et al., 2013). However, a
detailed neuropathological evaluation of the hippocampus, which is affected early in AD, is
needed in both aged wild mountain and western lowland gorillas. Despite the close
phylogenetic affinity between humans and gorillas, neither neuritic plaques nor frank NFTs,
hallmarks of AD, were observed in the brain of wild or captive gorillas suggesting that NFT
pathology differentiates these species during the aging process.
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Figure 1.
Photomicrographs showing the absence of APP/AB-ir profiles in area 9 in a 24 year-old

female gorilla (A) and the presence of some APP/Ap-ir profiles in a 33 (B) and many more
in a 42 (C) year-old female gorilla. Images showing variation in APP/AB-ir blood vessels
(D-F) in the area 9 in a 38 year-old female gorilla. F. High-magnification photomicrograph
of APP/AB-positive blood vessel (arrows) shown in panel E. G and H. Ap positive plaque
(black arrows) associated to a blood vessel in a 42 year-old gorilla (G), and blood vessel
with Ap accumulations from panel B (arrow) in a 33 year-old female gorilla (H). I and J.
High-magnification photomicrographs showing a diffuse APP/AB-ir plaques in the frontal
cortex of a >40 (I) and a 42 (J) year-old female gorilla. K. Photomicrograph illustrating
numerous APP/AB-positive plaques in the posterior orbital cortex (area 44) in a >35 year-old
female gorilla. L. High-magnification photomicrograph of the boxed area in K showing
APP/AB-positive plagues and an adjacent blood vessel (arrows). M and N. APP/AB-positive
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parenchymal blood vessels in a >20 and >31 year-old male gorillas, respectively. Note the
AP accumulations in the blood vessel in >31 year-old male gorilla. O. APP/AB-positive
plaques in a 35 year-old male gorilla. Abbreviations: I, 11, 111, 1V, V and VI, cortical layers.
Scale bars = 200 pm in K; 100 pm in B-E and O; 75 pm in L; 50 um in A, G, and M; 25 pm
in F, H-J, and N.
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Figure 2.
A. Photomicrograph showing blood vessels stained with the pan-Ap antibody MOAB-2 in

the frontal cortex of a 38 year-old female gorilla. B and C. Ap42 and AB40 plaques in the
cingulate cortex (area 24) in a 42 year-old female gorilla, respectively. D. Thioflavine S
(Thio) positive blood vessel in the area 24 of a 42 year-old female gorilla. Note the stronger
thioflavine S fluorescence in the blood vessel (yellow arrow) compared to the plaques (white
arrows). E. Dual immunolabeling showing APP/Ap-positive accumulations (brown) in close
apposition to the CD31-ir blood vessels (dark blue) in the frontal cortex of a 42 year-old
female gorilla. F and G. Dual immunolabeling showing the absence of dystrophic SMI-34-ir
neurites (brown) within the surrounding of a AB—42 positive plaque (dark blue) in the
frontal cortex of a 42 year-old female gorilla (F), while numerous swollen and dystrophic
SMI-34-ir neurites (brown) are seen within the AB42 positive plaque in the cortex of an AD
case (G). Scale bars =100 um in A; 50 uminBand C; 25uminD, E, F, G.
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Figure 3.
A-C. Photomicrographs showing Alz50-ir clusters of neurites in the frontal cortex in female

gorillas across ages. D and E. Cortical Alz50-ir profiles resembling glial cells in a >40 and
42 year-old female gorillas, respectively. F and G. Cortical AT8-ir gial cell profile and
clusters of neurites in a >35 and 42 year-old female gorillas, respectively. Tissues in C and E
were counterstained with cresyl violet. Scale bars =25 um in A, B and G; 10 ym in C, E,
and F.
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Table 1.

Gorilla demographics and cortical Alzheimer’s-like pathology

Brain Time in Tau-ir  Tau-ir
ID  Age Weight (@) Fi)Es\,t)ive AB-ir vascular ~ AB-ir plaques neurites  cells
Sa 16 F 402 10 -- -- + -
‘In 24 F 412 38 - - + -
Kw 33 F 423 53 + + + -
Um >35° F 433 4 ++ ++ + -
Pu 38 F 400 68 ++ - + -
Ki  >40* F 432 92 + + + +
Cy 42 F 410 60 ++ ++ + +
Se >0 M 345 53 + + - -
sh >31* M 538 6 + + + -
Ti 35 M 500 103 + + -- -

*

, estimated age; +: minor; ++: extensive; --: absent

(w): weeks
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