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 ABSTRACT: 
— The chikungunya virus (CHIKV) is an alphavirus transmitted to humans mainly through the bite of in-

fected Aedes aegypti and Aedes albopictus mosquitoes. It has recently resurfaced in various parts of 
the world, triggering widespread outbreaks. CHIKV infection results in chikungunya fever (CHIKF), a 
temporary febrile illness typically enduring for 7-10 days. Symptoms include rash, fatigue, severe poly-
arthralgia affecting the hands and feet, and myalgia. Chronic CHIKF, lasting more than 3 months, af-
fects over 40% of those infected, leading to arthritic changes such as bone erosion, enthesopathies, 
periostitis, and persistent joint pain. 

     We conducted a narrative review to discuss the musculoskeletal manifestations of CHIKV infec-
tion as well as its effects on bone health and to explore current data linking CHIKV infection with os-
teoporosis. We performed a comprehensive literature search including peer-reviewed publications.

     Patients with chronic infection develop an incapacitating arthritis that may persist for months to 
years and thereby impose a burden on the population in terms of disability-adjusted life years (DALY). 
A recent increase in outbreaks may be related to virus evolution, globalization/international travel, and 
climate change, thus potentially turning CHIKV into a major global health threat. Several studies have 
elucidated the impact of CHIKV infection on bone health and its correlation with arthritic changes. Var-
ious cellular and molecular factors contribute to bone erosion during chikungunya virus infection. In 
CHIKV infection and other arthritogenic alphavirus infections, inflammatory processes marked by the 
production of interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), and interleukin-1 (IL-
1), along with an elevated receptor activator of NF-kB ligand/osteoprotegerin (RANKL/OPG) ratio, pro-
mote the formation of osteoclasts from monocytic precursors. Consequently, this leads to increased 
bone resorption and bone pathologies. 

      The literature on osteoporosis and Chikungunya fever is a promising area of research with impli-
cations for clinical practice and scientific understanding. Further research in this field has the potential 
to improve outcomes for individuals affected by these conditions and expand our knowledge of the re-
lationship between viral infections and bone health.
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EPIDEMIOLOGY

Chikungunya virus belongs to the family Togaviridae, 
genus Alphavirus, and is primarily transmitted to hu-
mans through the bite of infected Aedes aegypti and Ae-
des albopictus mosquitoes. Vertical CHIKV transmis-
sion has also been reported in different outbreaks15-17. 
Because Aedes aegypti cannot withstand cold clima-
tes, its distribution is limited to South America, Cen-
tral America, some US countries, Sub-Saharan Africa, 
Southeast Asia, Australia, China, and some European 
countries18. A. albopictus has a wider geographical di-
stribution, being found in subtropical and temperate 
climates in addition to being able to survive through 
cold winters19. Both A. aegypti and A. albopictus bite 
mainly during the day, reducing the role of insecticide-
impregnated bed nets in disease control. In addition to 
CHIKV, both A. aegypti and A. albopictus are known 
vectors of several other viruses, including yellow fever 
virus, dengue virus, and Zika virus.

CHIKV was first recognized as a human pathogen 
after its isolation from the serum of an infected patient 
during an outbreak in Tanzania in 19521,2,20. Outbre-
aks of chikungunya, however, can be traced back to as 
early as 177921,22. The virus is majorly endemic in tropi-
cal and subtropical regions of Sub-Saharan Africa and 
Southeast Asia, with subsequent epidemics occurring 
in the latter half of the twentieth century. Phylogene-
tic analysis traces the virus’s origin back to Africa 500 
years ago, while the first reported transmission in Asia 
occurred in the Philippines in 195423-25. The lineage 
was divided into two major strains: the West African 
(WA) strain responsible for small focal outbreaks in 
West Africa, also referred to as the sylvatic cycle, and 
the East/Central/South African strain (ECSA), which 
contributed to other urban epidemics7. This cycle invol-
ves rural enzootic transmission between various sylva-
tic Aedes mosquitoes, such as Aedes furcifer and Aedes 
africanus, and animal reservoirs, with nonhuman pri-
mates acting as the main reservoir host3,26. In contrast, 
the ECSA strain is associated with urban epidemics 
and does not rely on nonhuman primates or a sylvatic 
cycle for its maintenance. Instead, similar to dengue 
and Zika viruses, it can be transmitted from human to 
human27. Consequently, the urban transmission cycles 
of CHIKV, particularly in densely populated tropical 
areas, often result in large outbreaks.

The most notable outbreak of the ECSA strain, 
with an estimated six million cases, was reported in 
2004 in Kenya, comprising areas beyond the origi-
nal historical range of the virus and affecting seve-
ral islands in India, the Indian Ocean, and Southeast 
Asia. In 2011, CHIKV was reported for the first time 
in the Pacific Island region of New Caledonia7. In 
2013, the first local transmission of the virus in mo-
dern history was reported in the Western Hemisphere 
on the Caribbean Island of French St. Martin28. The 
first reported outbreak of the virus in the Americas 
was in 2013, which was attributed to the transmission 
of the virus from the Asian lineage29.

INTRODUCTION

Chikungunya is a word of Tanzanian origin, meaning 
“disease that bends up the joints”1. It is a mosquito-
borne alphavirus discovered in Tanzania in 1952, 
where the transmission was associated with a Sylva-
tic cycle by the Aedes mosquitos2. However, different 
transmission patterns have been observed elsewhere. 
For example, the chikungunya virus (CHIKV) in Asia 
follows an urban cycle3. Today, a vaccine is available 
that could help control the spread of the virus4. In an 
outbreak that occurred in 2006 in India, it was repor-
ted that 775,000 people were infected and 237 died5. 
Krishnamoorthy et al6 studied the economic impact 
of this epidemic, estimating a loss of approximately 
3 million USD. Additionally, 25,588 days were lost 
due to the illness, with 30.9% attributed to Disability-
adjusted life years (DALYs) and 69.1% to persistent 
arthralgia. 

Chikungunya virus infection is characterized 
by the sudden onset of fever and various symptoms 
such as skin rash, arthralgia, myalgia, joint edema, 
backache, retro-orbital pain, photosensitivity, nau-
sea, vomiting, diarrhea, abdominal pain, anorexia, 
and others7. A systematic review by Rodríguez-Mo-
rales et al8 demonstrated that 40.2% of patients ex-
perienced chronic inflammatory rheumatism. This 
contributes to the pathophysiology that classifies 
CHIKV as an arthritogenic virus, causing the triad 
of arthralgia, arthritis, and myalgia9. Arthralgia per-
sists in 37% of patients, with long-term complica-
tions reported in 30% of cases10. The virus targets 
osteoblasts, muscle cells, and various other cell types 
through macropinocytosis. This was confirmed 
when the use of macropinocytosis inhibitors led to a 
reduction in viral load11. The etiology is not entirely 
understood, and there are many proposed theories 
on how chikungunya infection affects bone health. 
A study12 demonstrated that CHIKV infects human 
synovial fibroblasts, making them susceptible to the 
upregulation of arthritis-inducing genes like regu-
lated upon activation, normal T cell expressed and 
presumably secreted/C-C motif chemokine ligand-5 
(RANTES/CCL5), which also accelerates osteoporo-
sis-like symptoms. Another proposed theory is the 
increased expression of proinflammatory cytokines 
like interleukin-6 (IL-6), monocyte chemoattractant 
protein-1 (MCP-1), and IL-8, which induce osteo-
clast differentiation, altering the osteoblast-osteo-
clast balance13. Osteoclasts produce acids, matrix 
metalloproteinases, and cathepsin K, which cause 
bone resorption and matrix degradation14. Further-
more, due to the imbalance caused by the CHIKV, 
osteoblasts do not compensate for this matrix loss, 
potentially leading to osteoporosis. The aim of this 
review is to discuss the available data on the epide-
miology and clinical manifestations of Chikungun-
ya infections with an emphasis on the effect CHIKV 
has on bone health and potential implications in the 
development of osteoporosis. 
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common cardiac manifestation34. The most com-
monly reported ocular manifestation is acute non-
granulomatous or granulomatous anterior uveitis41,42. 
Other frequently repeated ocular manifestations com-
prise retinitis and exudative retinal detachment42,43. 
Rare neurological disorders associated with CHIKV 
are myelopathy, myelitis, acute disseminated myelo-
encephalitis, Guillain-Barre syndrome, stroke, febrile 
seizures, isolated cranial nerve palsies, and memo-
ry deficits44. Renal complications associated with 
CHIKV have also been reported in patients with other 
renal comorbid conditions, acute interstitial nephritis 
and tubular injury being the most commonly reported 
renal manifestations34.

Chronic manifestations of CHIKV in the mu-
sculoskeletal system are quite common, but the pa-
thogenesis is still poorly understood. Inflammatory 
polyarthritis has been reported as the most common 
long-term sequelae that occurs after chikungunya in-
fection40. According to Schilte et al45, more than 60% 
of patients suffered from arthralgia even 36 months 
post-acute infection. Long-term arthralgia typically 
involves more than two different joints, with han-
ds, ankles, wrists, and knees being the most com-
monly affected locations. Kumar et al46 also descri-
bed chikungunya as an emerging and re-emerging 
febrile disease with debilitating long-term sequelae 
of arthralgia and myalgias persisting for years in 10-
60% of patients.

Tritsch et al47 reported a high prevalence of con-
tinued self-reported joint pain in patients three years 
post chikungunya infection, characterized in over 
half of the cases by relapsing-remitting symptoms, 
mild to moderate stiffness in three-fourths patients 
after a period of immobility and morning stiffness in 
over one third. Most patients described the pain as 
intermittent with recurrence, whereas 22% experien-
ced constant pain with changes in intensity. Exercise 
was reported to be the most common provoking fac-
tor of pain. Patients experienced joint stiffness, which 
significantly impacted their physical activity.

EFFECT OF CHIKUNGUNYA VIRUS 
ON BONE HEALTH

The first line response to chikungunya infection is the 
activation of the innate immune response48. Of the in-
nate arm of the immune response, the role of natural 
killer (NK) cells, macrophages and dendritic cells has 
been elucidated in detail49. However, the involvement 
of neutrophils, eosinophils and other components of 
the innate immune system requires further explora-
tion49. 

 The first encounter of CHIKV after inoculation 
is with cells in the skin, primarily dermal dendritic 
cells, fibroblasts, and dermal macrophages, with der-
mal fibroblasts being particularly susceptible50. In situ 
replication of the virus within these cells leads to the 
production of chemoattractants, which attract addi-

According to Fred et al30, the risk factors for disease 
burden for CHIKV were more contextual in origin as 
compared to individual determinants. The main predi-
sposing factors were found to be history in neighborho-
od and household, low socio-economically disadvan-
taged area, occupational inactivity, low altitudes of 
dwelling, poor knowledge of CHIKV transmission, 
vector-friendly neighborhoods and obesity.

CLINICAL MANIFESTATIONS

Most symptomatic cases typically have an incubation 
period of 2-12 days31,32. The most characteristic featu-
res include high-grade fever with arthralgia and rash. 
Arthralgia and arthritis are reported as one of the most 
debilitating presenting symptoms, both in adults and 
children. The arthralgia is typically polyarticular and 
symmetric, mainly affecting distal joints. The most 
commonly affected joints are the wrists, phalanges, 
shoulders, elbows, ankles, knees, feet, and hips. The 
articular symptoms like pain may vary in intensity 
but not in anatomical positions. Patients can experien-
ce constant or intermittent pain in the affected joints. 
Vertebrae, temporomandibular joints and sternocla-
vicular joints are typically spared. Patients can also 
suffer from edema in the smaller affected joints like 
interphalangeal joints, wrists and ankles33.

The rash of CHIKV is described as a generalized 
morbilliform maculopapular rash with normal islands 
of intervening skin, which characteristically spares 
the face. It develops within 3-4 days of the onset of 
fever and tends to subside in about a week without 
any sequel. Centrofacial pigmentation involving the 
nose is also another commonly encountered finding34. 
Dengue fever and Zika virus, although more com-
monly asymptomatic, can also cause skin rash ran-
ging from mild erythema to a pruritic, macular rash 
with small circular islands of spared skin classically 
described as “isles of white on a sea of red”35. Because 
of the multiple overlapping symptoms and geographic 
area of distribution, dengue fever, Zika virus, and 
other similar rash-causing arboviruses like the Ross 
River virus should be considered as the top differen-
tial diagnosis for chikungunya fever (CHIKF)36. 

The most common complication involves the cen-
tral nervous system, causing encephalopathy37,38. Ac-
cording to a study conducted in Reunion Island39, the 
estimated cumulative incidence rate for chikungun-
ya-associated encephalitis was 8.6 per 100,000 people 
during an outbreak, which led to a 2-fold increased 
incidence of all encephalitis in the region. Gastroin-
testinal symptoms like abdominal pain and nausea 
have also been reported in infected patients. Mild he-
patitis also occurs as a clinical manifestation in some 
patients40.

Chikungunya virus is also reported to cause some 
rare extra-articular manifestations like pericarditis, 
cardiac tamponade, myocarditis, and dilated car-
diomyopathy, with heart failure reported as the most 



Infect DIs trop MeD

4

MCP-1) dominated the inflammatory scene. As the 
disease progresses, cytokines such as IL-4 and IL-
13 become more prevalent. Strong TH2 cytokine re-
sponse (IL-4, -6, -13) was associated with prolonged 
persistence of musculoskeletal symptoms49. 

When we look at how these inflammatory chan-
ges and cascades set off by CHIKV infection relate 
to osteoporosis, it becomes crucial to understand that 
osteoporosis has now come to be viewed as a condi-
tion with a multifactorial etiology of which chronic 
inflammation is gaining popularity57. This contrasts 
with previous beliefs that osteoporosis was solely an 
endocrine disorder. Several hormones, growth fac-
tors, inflammatory mediators and other cell signaling 
molecules are involved in the regulation of osteoblasts 
and osteoclasts, the two cells whose interaction is in-
tegral for the balance between bone formation and 
resorption. Of the inflammatory factors, IL-1, IL-6, 
IL-17 and tumor necrosis factor-α (TNF-α) stimulate 
osteoclast differentiation and proliferation57. Additio-
nally, IL-1, IL-6, and TNF-α have a cumulative effect 
on bone loss by inhibiting osteoblasts. On the other 
hand, IFN-γ, IL-3, IL-4, IL-10 and IL-12 inhibit oste-
oclasts, which tip the favor towards bone formation. 
Comparing Th1 and Th2 lymphocyte responses to 
their effect on bone loss, Th1 was previously thought 
to be osteoporotic, while Th2 cells are bone protecti-
ve. However, current evidence suggests that Th1 cells 
have a dual but opposing effect on bone remodeling 
mediated by IFN-γ and TNF-α58. The anti-inflamma-
tory regulatory T lymphocytes directly suppress oste-
oclast maturation, which indicates their bone protec-
tive role. On the other hand, it has been reported that 
CD8+ T lymphocytes produce osteoprotegerin (OPG), 
inhibiting osteoclastogenesis58.

All the above-mentioned data show the complex 
interaction between inflammatory cells and bone ho-
meostasis. However, the overall effect seems to tip in 
favor of bone resorption. Chikungunya virus infec-
tion has been associated with altered bone formation 
and function, leading to changes in bone mineral den-
sity (BMD). Chen et al59, 2014 provided evidence of 
CHIKV-induced bone loss in mice infected with the 
virus coupled with evidence that Bindarit [inhibitor of 
Monocyte Chemoattractant Proteins (MCP) expres-
sion] protected against this demonstrated bone loss. 
Two years later, Goupil et al60, 2016 demonstrated 
the lack of significant differences in measurements 
in bone volumes between CHIKV-infected mice and 
control. The difference between the two findings was 
attributed to the different ages of mice used for the 
experiments. Javelle et al61 also stated that there is no 
evidence of chikungunya infection inducing or wor-
sening osteoporosis, except after prolonged courses 
of treatment with systemic corticosteroids.

More recent studies, such as Roy et al62, 2019 di-
scussed the influence of chikungunya infection on bone 
marrow-derived mesenchymal stem cells (BMMSCs) 
and osteogenic cells in vitro and in vivo. The study de-
monstrated that CHIKV can infect BMMSC, leading 

tional cells of the innate immune system50. Among 
the proinflammatory cytokines produced by the in-
coming inflammatory cells, IL-1, IL-6, TNF-α and 
INF-α are particularly noteworthy50. These cytokines 
play a crucial role in defending against CHIKV in-
fection. However, their impact can be both protective 
and pathogenic, which warrants further exploration51.

After antigen presentation, the humoral and cell-
mediated adaptive immunity is activated and results 
in the initiation of pathogen-specific memory respon-
ses48. Both the humoral and cell-mediated response 
are necessary for effective elimination of the virus49. 
However, these responses seem to be responsible for 
the clearance of the infection as well as pathological 
changes observed in target tissues52. Evidence from 
animal models shows that in the absence of the adap-
tive immunity response, higher levels of viremia and 
persistence of infection are seen along with reduced 
musculoskeletal manifestations52. The roles of both T 
and B lymphocytes remain unclear in chronic infec-
tion with CHIKV; however, evidence has characteri-
zed their involvement in the acute phase of infection.

CD8+ T lymphocytes are responsible for the de-
struction of infected cells and mark early-stage 
CHIKV infection indicated by their early detection in 
peripheral blood after symptom onset52, while CD4+ T 
lymphocytes appear towards the end of the acute sta-
ge of infection49,52. Even though CD8+ T lymphocytes 
increase in number early on and help clear the vire-
mia, they do not protect against CHIKV-associated 
pathologies, which have been explained by sustained 
antigen presentation leading to cellular exhaustion 
and anergy53,54. Unlike CD8+ T lymphocytes, which 
are yet to be implicated as a contributing factor for 
musculoskeletal manifestations of CHIKV infection, 
there is evidence from multiple studies50-54 that sug-
gest CD4+ T lymphocytes aid and abate in the patho-
genesis of joint swelling and pain. Despite this, CD4+ 
T lymphocytes remain crucial in driving the antibody 
response against the virus54.

Potently neutralizing antibodies (NAbs) block in-
fection at multiple steps of the virus life cycle, inclu-
ding entry and release. The initial IgM response is 
followed by class switching to IgG within one week 
of symptom onset52. Early appearance of IgG respon-
se coincides with protection against chronic CHIKV 
infection48. Although CHIKV-induced symptoms 
usually resolve in patients within two weeks, appro-
ximately 30-40% of these patients develop chronic 
arthritis, which can be due to inefficient viral clearan-
ce or persistent immune response in patients50,55,56. The 
majority of the antibodies produced against CHIKV 
target the E2 envelope glycoprotein, which opens an 
interesting entry point for vaccine research49. Venu-
gopalan et al51, 2014 and Fox and Diamond52, 2016 
have shown that during the early stages of the dise-
ase, cytokines interferons (INFs) -α, -β, -γ, IL-1β, C-
X-C motif chemokine 10/interferon γ-induced protein 
10 kDa (CXCL10/IP-10), and chemokine (C-C motif) 
ligand 2/monocyte phemoattractant proteins (CCL2/
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ase in the chronic phase. Radiographic findings may 
include periarticular osteopenia, osteoarthritis, soft 
tissue swelling, and rarely marginal erosions72. Ultra-
sound and MRI can reveal tenosynovitis involving the 
small joints of the fingers, joint capsule bulging, wri-
st effusions with incompressible synovial thickening, 
finger flexor tenosynovitis, cellulitis, wrist extensor 
tenosynovitis, and thickening of the median nerve72-74.

CLINICAL MANAGEMENT AND IMPLICATIONS

Current strategies for managing patients with CHIKF 
include pharmacologic and nonpharmacologic appro-
aches. Literature suggests that cryotherapy, rehabi-
litation, and psychological support are very impor-
tant during all stages of the disease to manage pain 
among patients75. The guideline for the pharmacolo-
gical management of chikungunya recommends the 
use of medications such as dipyrone, paracetamol, 
non-steroidal anti-inflammatories (NSAIDs), cor-
ticosteroids, codeine, and morphine in the manage-
ment of musculoskeletal pain, and use of methotre-
xate, chloroquine, and sulfasalazine in patients with 
chronic pain. Non-pharmacologic treatments, such 
as physiotherapy, orthoses, and acupuncture, are also 
highlighted as methods to reduce pain and muscu-
loskeletal damage76. Guaraldo et al77 emphasized the 
array of therapeutic options used in the management 
of the disease. These include chloroquine derivatives, 
disease-modifying anti-rheumatic drugs (DMARDs), 
biologic DMARDs, and medications for neuropathic 
pain. However, the literature suggests that the tre-
atment efficacy remains inconclusive and is lacking 
evidence-based recommendations78. To explore po-
tential treatments for chikungunya fever, host factors 
should be considered as targets for antiviral medica-
tions. The focus should be on drugs that can be ef-
fective at multiple stages of the CHIKV life cycle79. 
Additionally, an integrated approach combining phar-
macological and nonpharmacological management is 
crucial for optimizing patient outcomes75,76.

In resource-limited settings, where access to phar-
macologic treatments may be restricted, nonpharma-
cologic approaches such as specific physiotherapy 
and homeopathic medicines become viable alternati-
ves. These natural treatment options provide patients 
with a variety of methods to manage both acute and 
chronic symptoms effectively. The first study using a 
variety of homeopathic remedies for chronic CHIKV-
associated arthritis, conducted by Wadhwani80 in 
2013, revealed a 90% resolution rate of chronic arthri-
tis symptoms after an average of 32.5 days. Other li-
terature suggests coconut water and turmeric can be 
used for their detoxifying and anti-inflammatory pro-
perties, grapes with cow’s milk to reduce pain and 
fever, and olive oil with vitamin E for rashes81. Ad-
ditionally, supplementation with low-impact aerobic 
exercise and light massage is known to relieve chro-
nic joint pain.

to decreased alkaline phosphate activity and reduced 
calcium deposition in osteogenic cells. The infection 
impairs osteogenic differentiation of BMSCs, decrea-
ses runt-related transcription factor 2 (RUNX2) gene 
expression (a master transcription factor for osteogene-
sis), and impairs the function of osteogenic cells. This 
mechanism can be an explanation for observed bone 
pathologies arising from chikungunya fever. However, 
further studies are required to clear up these conflic-
ting findings and to elucidate the role of CHIKV on 
bone remodeling. 

DIAGNOSTIC TECHNIQUES 
AND DIFFERENTIAL DIAGNOSIS 
OF CHIKV INFECTION

Chikungunya fever is predominantly a clinical diagno-
sis, which is undertaken with consideration of epide-
miologic and laboratory data. Nonetheless, laboratory 
confirmation is necessary to differentiate between se-
veral disorders with similar presentation, such as mala-
ria in endemic areas, dengue fever, and other alphavi-
ruses such as Zika virus and Ross River virus. During 
the acute phase of viral replication and for up to 5-10 
days following the onset of symptoms, detection of vi-
ral nucleic acid in serum samples is the ideal way. 

Following the acute phase, confirmation of in-
fection relies on molecular assays, including rapid 
and sensitive techniques targeting viral components 
such as real-time loop-mediated real-time polyme-
rase chain reaction (RT-PCR) and real-time TaqMan 
RT-PCR assay targeting the envelope E1 gene or the 
non-structural nsP1 gene and more recently, a one-
step SYBR green-based real-time assay targeting the 
non-structural nsp2 gene, in addition to conventional 
RT-PCR63-67. These molecular assays serve as initial 
tests for detection until an antibody response is de-
tectable68. Subsequently, detection of CHIKV-specific 
immune response is achieved through serological me-
thods such as enzyme-linked assays (ELISA), indirect 
immunofluorescence assays (IFA), hemagglutination 
inhibition (HI), and micro-neutralization (MNt), ca-
pable of distinguishing between IgG and IgM. IgM 
antibodies can be detected as early as 2-3 days after 
symptom onset. They may remain detectable for se-
veral weeks to 3 months, while CHIKV-specific IgG 
typically appears shortly after IgM antibodies and 
can persist for years. Various in-house ELISA techni-
ques utilizing whole antigen or recombinant capsid or 
envelope antigens have also been described69-71.

Differential diagnoses of chronic CHIKV infection, 
which occurs in over 40% of patients, include rheuma-
toid arthritis and systemic lupus erythematosus. Con-
comitant disease presentation is possible, and CHIKV 
infection in patients with RA has been shown to indu-
ce and exacerbate existing joint inflammation. Muscu-
loskeletal imaging [including radiography, ultrasound, 
and magnetic resonance imaging (MRI)] plays a cru-
cial role in evaluating the severity and extent of dise-
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bone-related diseases. Potential areas of further rese-
arch include longitudinal studies to establish a causal 
relationship between CHIKF and osteoporosis, as well 
as investigations into interventions to prevent or reduce 
bone loss in individuals with a history of CHIKF.

However, a major obstacle to diagnosing osteoporo-
sis in regions where CHIKV is predominantly endemic 
is the limited access to dual-energy X-ray absorptio-
metry (DXA) scanning, the gold standard diagnostic 
modality. Insufficient access to DXA scanning faci-
lities poses a significant barrier in many resource-li-
mited countries. In these settings, non-specialist me-
thods of fracture risk assessment can be utilized. One 
such tool is the FRAX® tool (https://frax.shef.ac.uk/
FRAX/), which evaluates the risk of fragility fractures 
in patients by calculating the 10-year probability of hip 
or major osteoporotic fractures. This tool is based on 
individual patient models correlating the fracture risks 
associated with clinical risk factors as well as bone mi-
neral density (BMD) at the femoral neck. The FRAX® 
models were developed by studying population-based 
cohorts from Europe, North America, Asia, and Au-
stralia. Similarly, studies on age-, sex- and ethnicity-
specific hip fracture incidence rates in South Africa 
have been used to calibrate both a South African frac-
ture risk assessment tool called FRAX™, and additio-
nal FRAX calibration has been accomplished based on 
hip fracture incidence data from Botswana, Ethiopia, 
and Tunisia85-89. The validity of these new FRAX tools 
in other resource-limited settings needs to be ascertai-
ned through further research.

In conclusion, the literature on osteoporosis and 
chikungunya fever is a promising area of research with 
implications for clinical practice and scientific under-
standing. Further research in this field has the potential 
to improve outcomes for individuals affected by the-
se conditions and expand our knowledge of the rela-
tionship between viral infections and bone health.
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Research and clinical practice for CHIKF pre-
sents several challenges. One of these challenges is 
the absence of specific treatment82. Also, understan-
ding the complex pathogenesis and factors that can 
influence viral persistence and the development of 
chronic symptoms is considered a significant challen-
ge. Diagnosis remains challenging due to the need for 
laboratory tests that may take time to yield results. 
Literature also emphasized the need for improved 
diagnostic methods that can effectively differentiate 
chikungunya from diseases with overlapping sym-
ptoms like Zika, Dengue, and Mayaro viral infec-
tions82. Current treatment consists of symptomatic 
management, hydration, and rest. Chronic symptoms 
arising after disease carry a huge burden for patients 
and healthcare. Minimizing the transmission risk by 
targeting the breeding grounds of Aedes mosquitoes 
and developing effective vaccines and antiviral tre-
atments thus become crucial.

CONCLUSIONS

The chikungunya virus is emerging as a global public 
health concern, with recent increases in outbreaks 
linked to virus evolution, globalization, international 
travel, and climate change. It has the ability to cau-
se chronic, inflammatory, and debilitating arthritis. 
Multiple studies have demonstrated the impact of 
CHIKV infection on bone health. Research suggests 
that the inflammatory response triggered by CHIKV 
can lead to bone loss. However, to date, there is no 
evidence suggesting that CHIKV infection induces 
or exacerbates osteoporosis. While osteoporosis has 
been extensively explored in terms of global preva-
lence, risk factors, and treatment strategies, the di-
rect association between chikungunya infection and 
osteoporosis remains primarily underexplored83. 
Various factors such as age, sex, genetic predisposi-
tion, low body mass index, and hormonal imbalances 
could potentially contribute to the increased risk of 
osteoporosis post-CHIKV infection84. Additionally, 
the prolonged joint pain and immobility caused by 
CHIKV infection can further exacerbate bone loss. 
The debate in this review revolves around the extent 
to which post-CHIKV osteoporosis is a direct result 
of the virus or a combination of factors, including li-
festyle and pre-existing conditions.

Identifying the impact of the CHIKV virus on bone 
health is a crucial step to allowing early screening and 
treatment of osteoporosis in patients recovering from 
CHIKF. This becomes significant as it can lead to im-
proved quality of life and reduced healthcare costs for 
individuals affected by these conditions. Furthermore, 
research on osteoporosis and CHIKF has the potential 
to contribute to our understanding of the immune sy-
stem’s role in bone health. By investigating how viral 
infections like CHIKV impact bone metabolism, re-
searchers may discover new pathways and targets for 
therapeutic interventions in osteoporosis and other 

https://frax.shef.ac.uk/FRAX/
https://frax.shef.ac.uk/FRAX/


Prevalence of antiPhosPholiPid antibodies in Post-covid and vaccinated individuals

7

16. Ferreira FCPDADM, Da Silva ASV, Recht J, Guaraldo L, 
Moreira MEL, De Siqueira AM, Gerardin P, Brasil P. Ver-
tical Transmission of Chikungunya Virus: A Systematic 
Review. PLoS One 2021; 16: e0249166. 

17. Gérardin P, Barau G, Michault A, Bintner M, Randrianaivo 
H, Choker G, Lenglet Y, Touret Y, Bouveret A, Grivard P, 
Le Roux K, Blanc S, Schuffenecker I, Couderc T, Arenza-
na-Seisdedos F, Lecuit M, Robillard P-Y. Multidisciplinary 
Prospective Study of Mother-to-Child Chikungunya Virus 
Infections on the Island of La Réunion. PLoS Med 2008; 5: 
e60.

18. Laporta GZ, Potter AM, Oliveira JFA, Bourke BP, Pecor 
DB, Linton Y-M. Global Distribution of Aedes Aegypti and 
Aedes Albopictus in a Climate Change Scenario of Regional 
Rivalry. Insects 2023; 14: 49. 

19. Medlock JM, Leach SA. Effect of Climate Change on Vec-
tor-Borne Disease Risk in the UK. Lancet Infect Dis 2015; 
15: 721-730.

20. Lumsden WHR. An Epidemic of Virus Disease in Southern 
Province Tanganyika Territory in 1952-1953 II. General 
Description and Epidemiology. Trans R Soc Trop Med Hyg 
1955; 49: 33-57. 

21. Carey DE. Chikungunya and Dengue: A Case of Mistaken 
Identity? J Hist Med Allied Sci 1971; XXVI: 243-262. 

22. Halstead SB. Reappearance of Chikungunya Formerly 
Called Dengue in the Americas. Emerg Infect Dis 2015; 21: 
557-561. 

23. Cherian SS, Walimbe AM, Jadhav SM, Gandhe SS, Hun-
dekar SL, Mishra AC, Arankalle VA. Evolutionary Rates and 
Timescale Comparison of Chikungunya Viruses Inferred 
from the Whole Genome/E1 Gene with Special Reference 
to the 2005-07 Outbreak in the Indian Subcontinent. Infect 
Genet Evol 2009; 9: 16-23. 

24. Volk SM, Chen R, Tsetsarkin KA, Adams AP, Garcia TI, 
Sall AA, Nasar F, Schuh AJ, Holmes EC, Higgs S, Maharaj 
PD, Brault AC, Weaver SC. Genome-Scale Phylogenetic 
Analyses of Chikungunya Virus Reveal Independent Emer-
gences of Recent Epidemics and Various Evolutionary Rates. 
J Virol 2010; 84: 6497-6504. 

25. Burt FJ, Chen W, Miner JJ, Lenschow DJ, Merits A, Schnet-
tler E, Kohl A, Rudd PA, Taylor A, Herrero LJ, Zaid A, Ng 
LFP, Mahalingam S. Chikungunya Virus: An Update on 
the Biology and Pathogenesis of This Emerging Pathogen. 
Lancet Infect Dis 2017; 17: e107-e117. 

26. Diallo D, Sall AA, Buenemann M, Chen R, Faye O, Diagne 
CT, Faye O, Ba Y, Dia I, Watts D, Weaver SC, Hanley KA, 
Diallo M. Landscape Ecology of Sylvatic Chikungunya 
Virus and Mosquito Vectors in Southeastern Senegal. PLoS 
Negl Trop Dis 2012; 6: e1649. 

27. Weaver SC. Evolutionary Influences in Arboviral Disease. 
Curr Top Microbiol Immunol 2006; 299: 285-314. 

28. Cassadou S, Boucau S, Petit-Sinturel M, Huc P, Leparc-Gof-
fart I, Ledrans M. Emergence of Chikungunya Fever on the 
French Side of Saint Martin Island October to December 
2013. Euro Surveill 2014; 19: 20752.

29. Nunes MRT, Faria NR, de Vasconcelos JM, Golding N, 
Kraemer MUG, de Oliveira LF, Azevedo RdoSdaS, da Silva 
DEA, da Silva EVP, da Silva SP, Carvalho VL, Coelho GE, 
Cruz ACR, Rodrigues SG, Vianez JLdaSG, Nunes BTD, 
Cardoso JF, Tesh RB, Hay SI, Pybus OG, Vasconcelos PF-
daC. Emergence and Potential for Spread of Chikungunya 
Virus in Brazil. BMC Med 2015; 13: 102. 

30. Fred A, Fianu A, Béral M, Guernier V, Sissoko D, Méchain 
M, Michault A, Boisson V, Gaüzère B-A, Favier F, Malvy 
D, Gérardin P, SEROCHIK group. Individual and Contex-
tual Risk Factors for Chikungunya Virus Infection: The 
SEROCHIK Cross-Sectional Population-Based Study. Epi-
demiol Infect 2018; 146: 1056-1064. 

orCid id:
Yohana Haddish Mogos: 0009-0005-8249-217X

ConFliCt oF interest:
The authors declare that they have no conflict of interest.

ethiCs ApprovAl And inFormed Consent:
Not applicable. 

References
 1. Robinson MC. An Epidemic of Virus Disease in Southern 

Province Tanganyika Territory in 1952-1953. Trans R Soc 
Trop Med Hyg 1955; 49: 28-32. 

 2. Ross RW. The Newala Epidemic: III. The Virus: Isolation 
Pathogenic Properties and Relationship to the Epidemic. J 
Hyg (Lond) 1956; 54: 177-191. 

 3. Weaver SC, Charlier C, Vasilakis N, Lecuit M. Zika Chiku-
ngunya and Other Emerging Vector-Borne Viral Diseases. 
Annu Rev Med 2018; 69: 395-408.

 4. Mullard A. FDA Approves First Chikungunya Vaccine. Nat 
Rev Drug Discov 2024; 23: 8. 

 5. Bonn D. How Did Chikungunya Reach the Indian Ocean? 
Lancet Infect Dis 2006; 6: 543. 

 6. Krishnamoorthy K, Harichandrakumar KT, Krishna Kumari 
A, Das LK. Burden of Chikungunya in India: Estimates of 
Disability Adjusted Life Years (DALY) Lost in 2006 Epi-
demic. J Vector Borne Dis 2009; 46: 26-35.

 7. Silva LA, Dermody TS. Chikungunya Virus: Epidemiology 
Replication Disease Mechanisms and Prospective Interven-
tion Strategies. J Clin Invest 2017; 127: 737-749.

 8. Rodríguez-Morales AJ, Cardona-Ospina JA, Fernanda Ur-
bano-Garzón S, Sebastian Hurtado-Zapata J. Prevalence of 
Post-Chikungunya Infection Chronic Inflammatory Arthri-
tis: A Systematic Review and Meta-Analysis. Arthritis Care 
Res 2016; 68: 1849-1858.

 9. Noret M, Herrero L, Rulli N, Rolph M, Smith PN, Li RW, 
Roques P, Gras G, Mahalingam S. Interleukin 6 RANKL 
and Osteoprotegerin Expression by Chikungunya Virus-In-
fected Human Osteoblasts. J Infect Dis 2012; 206: 455-457.

10. Murillo-Zamora E, Mendoza-Cano O, Trujillo-Hernández B, Sán-
chez-Piña RA, Guzmán-Esquivel J. Persistent arthralgia and re-
lated risks factors in laboratory-confirmed cases of Chikungunya 
virus infection in Mexico. Rev Panam Salud Pública 2017; 41: 1. 

11. Lee CH, Regina, Mohamed Hussain K, Chu JJH. Macropi-
nocytosis Dependent Entry of Chikungunya Virus into Hu-
man Muscle Cells. PLoS Negl Trop Dis 2019; 13: e0007610. 

12. Pott F, Postmus D, Brown RJP, Wyler E, Neumann E, 
Landthaler M, Goffinet C. Single-Cell Analysis of Arthri-
togenic Alphavirus-Infected Human Synovial Fibroblasts 
Links Low Abundance of Viral RNA to Induction of In-
nate Immunity and Arthralgia-Associated Gene Expression. 
Emerg Microbes Infect 2021; 10: 2151-2168. 

13. Laurent P, Le Roux K, Grivard P, Bertil G, Naze F, Picard 
M, Staikowsky F, Barau G, Schuffenecker I, Michault A. De-
velopment of a Sensitive Real-Time Reverse Transcriptase 
PCR Assay with an Internal Control to Detect and Quantify 
Chikungunya Virus. Clin Chem 2007; 53: 1408-1414.

14. Teitelbaum SL, Ross FP. Genetic Regulation of Osteoclast 
Development and Function. Nat Rev Genet 2003; 4: 638-649. 

15. Agarwal A, Dash PK, Singh AK, Sharma S, Gopalan N, Rao PVL, 
Parida MM, Reiter P. Evidence of Experimental Vertical Transmis-
sion of Emerging Novel ECSA Genotype of Chikungunya Virus in 
Aedes Aegypti. PLoS Negl Trop Dis 2014; 8: e2990. 



Infect DIs trop MeD

8

48. Lum FM, Ng LFP. Cellular and Molecular Mechanisms of 
Chikungunya Pathogenesis. Antiviral Res 2015; 120: 165-174. 

49. Tanabe ISB, Tanabe ELL, Santos EC, Martins WV, Araújo 
IMTC, Cavalcante MCA, Lima ARV, Câmara NOS, Ander-
son L, Yunusov D, Bassi ÊJ. Cellular and Molecular Immune 
Response to Chikungunya Virus Infection. Front Cell Infect 
Microbiol 2018; 8: 345. 

50. Kam YW, Ong EKS, Rénia L, Tong JC, Ng LFP. Immu-
no-Biology of Chikungunya and Implications for Disease 
Intervention. Microbes Infect 2009; 11: 1186-1196. 

51. Venugopalan A, Ghorpade RP, Chopra A. Cytokines in 
Acute Chikungunya. PLoS One 2014; 9: e111305. 

52. Fox JM, Diamond MS. Immune-Mediated Protection and Patho-
genesis of Chikungunya Virus. J Immun 2016; 197: 4210-4218. 

53. Poh CM, Chan YH, Ng LFP. Role of T Cells in Chikungunya 
Virus Infection and Utilizing Their Potential in Anti-Viral 
Immunity. Front Immunol 2020; 11: 287. 

54. Wauquier N, Becquart P, Nkoghe D, Padilla C, Ndjoyi-Mbigu-
ino A, Leroy EM. The acute phase of Chikungunya virus 
infection in humans is associated with strong innate immunity 
and T CD8 cell activation. J Infect Dis 2011; 204: 115-123.

55. Schwartz O, Albert ML. Biology and Pathogenesis of Chiku-
ngunya Virus. Nat Rev Microbiol 2010; 8: 491-500. 

56. Chow A, Her Z, Ong EKS, J, Dimatatac F, Kwek DJC, 
Barkham T, Yang H, Rénia L, Leo YS, Ng LFP. Persistent 
Arthralgia Induced by Chikungunya Virus Infection Is As-
sociated with Interleukin-6 and Granulocyte Macrophage 
Colony-Stimulating Factor. J Infect Dis 2011; 203: 149-157. 

57. Pietschmann P, Mechtcheriakova D, Meshcheryakova A, 
Föger-Samwald U, Ellinger I. Immunology of Osteoporosis: 
A Mini-Review. Gerontology 2015; 62: 128-137. 

58. Zhang W, Gao R, Rong X, Zhu S, Cui Y, Liu H, Li M. Immunopo-
rosis: Role of Immune System in the Pathophysiology of Different 
Types of Osteoporosis. Front Endocrinol 2022; 13: 965258. 

59. Chen W, Foo SS, Taylor A, Lulla A, Merits A, Hueston L, 
Forwood MR, Walsh NC, Sims NA, Herrero LJ, Mahal-
ingam S. Bindarit an Inhibitor of Monocyte Chemotactic 
Protein Synthesis Protects against Bone Loss Induced by 
Chikungunya Virus Infection. J Virol 2015; 89: 581-593. 

60. Goupil BA, McNulty MA, Martin MJ, McCracken MK, 
Christofferson RC, Mores CN. Novel Lesions of Bones and 
Joints Associated with Chikungunya Virus Infection in Two 
Mouse Models of Disease: New Insights into Disease Patho-
genesis. PLoS One 2016; 11: e0155243. 

61. Javelle E, Gautret P, Simon F. Chikungunya the Emerging 
Migratory Rheumatism. Lancet Infect Dis 2015; 15: 509-510. 

62. Roy E, Shi W, Duan B, Reid SP. Chikungunya Virus In-
fection Impairs the Function of Osteogenic Cells. MSphere 
2020; 5: e00347-20. 

63. Parida MM, Santhosh SR, Dash PK, Tripathi NK, Lakshmi 
V, Mamidi N, Shrivastva A, Gupta N, Saxena P, Babu JP, Rao 
PVL, Morita K. Rapid and Real-Time Detection of Chikungun-
ya Virus by Reverse Transcription Loop-Mediated Isothermal 
Amplification Assay. J Clin Microbiol 2007; 45: 351-357. 

64. Pastorino B, Bessaud M, Grandadam M, Murri S, Tolou HJ, Pey-
refitte CN. Development of a TaqMan® RT-PCR Assay without 
RNA Extraction Step for the Detection and Quantification of 
African Chikungunya Viruses. J Virol Methods 2005; 124: 65-71.

65. Carletti F, Bordi L, Chiappini R, Ippolito G, Sciarrone MR, 
Capobianchi MR, Di Caro A, Castilletti C. Rapid Detection 
and Quantification of Chikungunya Virus by a One-Step Re-
verse Transcription-Polymerase Chain Reaction Real-Time 
Assay. Am J Trop Med Hyg 2007; 77: 521-524. 

66. Hasebe F, Parquet MC, Pandey BD, Mathenge EGM, Morita 
K, Balasubramaniam V, Saat Z, Yusop A, Sinniah M, Natku-
nam S, Igarashi A. Combined Detection and Genotyping of 
Chikungunya Virus by a Specific Reverse Transcription-Poly-
merase Chain Reaction. J Med Virol 2002; 67: 370-374.

31. Burt FJ, Rolph MS, Rulli NE, Mahalingam S, Heise MT. 
Chikungunya: A Re-Emerging Virus. Lancet Lond Engl 
2012; 379: 662-671. 

32. Singh SK, Unni SK. Chikungunya Virus: Host Pathogen 
Interaction. Rev Med Virol 2011; 21: 78-88. 

33. Cardoso Pereira AB, Fernandes De Albuquerque LC, Medeiros 
Souza RC, Freire De Carvalho J, Muniz Caldas CA. Musculo-
skeletal Manifestations Observed in Patients Diagnosed With 
Chikungunya Virus in 2 Municipalities of the Brazilian Amazon 
Region. J Clin Rheumatol 2020; 26: S195-S198. 

34. Oliveira JLD, Nogueira IA, Amaral JK, Campos LR, Men-
donça MMM, Ricarte MDB, Cavalcanti LPDG, Schoen RT. 
Extra-Articular Manifestations of Chikungunya. Rev Soc 
Bras Med Trop 2023; 56: e0341.

35. Patterson J, Sammon M, Garg M. Dengue, Zika and Chiku-
ngunya: Emerging Arboviruses in the New World. West J 
Emerg Med 2016; 17: 671-679. 

36. Russell TL, Horwood PF, Harrington H, Apairamo A, Kama 
NJ, Bobogare A, MacLaren D Burkot TR. Seroprevalence of 
Dengue, Zika, Chikungunya and Ross River Viruses across 
the Solomon Islands. PLoS Negl Trop Dis 2022; 16: e0009848. 

37. Venkatesan A, Tunkel AR, Bloch KC, Lauring A, Sejvar 
J, Bitnun A, Stahl J, Mailles A, Drebot M, Rupprecht C. 
Case Definitions, Diagnostic Algorithms, and Priorities in 
Encephalitis: Consensus Statement of the International En-
cephalitis Consortium. Clin Infect Dis 2013; 57: 1114-1128.

38. Mehta R, Gerardin P, de Brito CAA, Soares CN, Ferreira MLB, 
Solomon T. The Neurological Complications of Chikungunya 
Virus: A Systematic Review. Rev Med Virol 2018; 28: e1978. 

39. Gérardin P, Couderc T, Bintner M, Tournebize P, Renouil M, 
Lémant J, Boisson V, Borgherini G, Staikowsky F, Schramm 
F, Lecuit M, Michault A, Encephalchik Study Group. Chiku-
ngunya Virus-Associated Encephalitis: A Cohort Study on 
La Réunion Island 2005-2009. Neurology 2016; 86: 94-102. 

40. Imad HA, Phadungsombat J, Nakayama EE, Suzuki K, Ibrahim 
AM, Afaa A, Azeema A, Nazfa A, Yazfa A, Ahmed A, Saeed A, 
Waheed A, Shareef F, Islam MM, Anees SM, Saleem S, Aroosha 
A, Afzal I, Leaungwutiwong P, Piyaphanee W, Phumratanaprap-
in W, Shioda T. Clinical Features of Acute Chikungunya Virus 
Infection in Children and Adults during an Outbreak in the Mal-
dives. Am J Trop Med Hyg 2021; 105: 946-954. 

41. Mahendradas P, Avadhani K, Shetty R. Chikungunya and 
the Eye: A Review. J Ophthalmic Inflamm Infect 2013; 3: 35. 

42. Mahendradas P, Ranganna SK, Shetty R, Balu R, Narayana 
KM, Babu RB, Shetty BK. Ocular Manifestations Associat-
ed with Chikungunya. Ophthalmology 2008; 115: 287-291. 

43. Lalitha P, Rathinam S, Banushree K, Maheshkumar S, Vi-
jayakumar R, Sathe P. Ocular Involvement Associated with 
an Epidemic Outbreak of Chikungunya Virus Infection. Am 
J Ophthalmol 2007; 144: 552-556.

44. Ganesan K, Diwan A, Shankar SK, Desai SB, Sainani GS, 
Katrak SM. Chikungunya Encephalomyeloradiculitis: Re-
port of 2 Cases with Neuroimaging and 1 Case with Autopsy 
Findings. AJNR Am J Neuroradiol 2008; 29: 1636-1637. 

45. Schilte C, Staikowsky F, Couderc T, Madec Y, Carpentier F, 
Kassab S, Albert ML, Lecuit M, Michault A. Chikungunya 
Virus-Associated Long-Term Arthralgia: A 36-Month Prospec-
tive Longitudinal Study. PLoS Negl Trop Dis 2013; 7: e2137.

46. Kumar R, Ahmed S, Parray HA, Das S. Chikungunya and Ar-
thritis: An Overview. Travel Med Infect Dis 2021; 44: 102168. 

47. Tritsch SR, Encinales L, Pacheco N, Cadena A, Cure C, McMa-
hon E, Watson H, Porras Ramirez A, Mendoza AR, Li G, Khura-
na K, Jaller-Raad JJ, Castillo SM, Barrios Taborda O, Jaller-Char 
JJ, Echavez LA, Jiménez D, Gonzalez Coba A, Alarcon Gomez 
M, Ariza Orozco D, Bravo E, Martinez V, Guerra B, Simon G, 
Firestein GS, Chang AY. Chronic Joint Pain 3 Years after Chiku-
ngunya Virus Infection Largely Characterized by Relapsing-Re-
mitting Symptoms. J Rheumatol 2020; 47: 1267-1274. 



Prevalence of antiPhosPholiPid antibodies in Post-covid and vaccinated individuals

9

79. Subudhi BB, Chattopadhyay S, Mishra P, Kumar A. Current 
Strategies for Inhibition of Chikungunya Infection. Viruses 
2018; 10: 235. 

80. Wadhwani GG. Homeopathic Drug Therapy Homeopathy 
in Chikungunya Fever and Post-Chikungunya Chronic Ar-
thritis: An Observational Study. Homeopathy 2013; 102: 
193-198.

81. Millsapps EM, Underwood EC, Barr KL. Development and 
Application of Treatment for Chikungunya Fever. Res Rep 
Trop Med 2022; 13: 55-66. 

82. Moizéis RNC, Fernandes TAAdeM, Guedes PMdaM, Perei-
ra HWB, Lanza DCF, Azevedo JWVde, Galvão JMdeA, Fer-
nandes JV. Chikungunya Fever: A Threat to Global Public 
Health. Pathog Glob Health 2018; 112: 182-194. 

83. Xiao PL, Hsu CJ, Ma YG, Liu D, Peng R, Xu XH, Lu 
HD. Prevalence and Treatment Rate of Osteoporosis in 
Patients Undergoing Total Knee and Hip Arthroplasty: A 
Systematic Review and Meta-Analysis. Arch Osteoporos 
2022; 17: 16. 

84. Avila-Trejo AM, Rodríguez-Páez LI, Alcántara-Farfán V, 
Aguilar-Faisal JL. Multiple Factors Involved in Bone Dam-
age Caused by Chikungunya Virus Infection. Int J Mol Sci 
2023; 24: 13087. 

85. Johansson H, Dela SS, Cassim B, Paruk F, Brown SL, 
Conradie M, Harvey NC, Jordaan JD, Kalla AA, Liu E. 
FRAX-Based Fracture Probabilities in South Africa. Arch 
Osteoporos 2021; 16: 1-8.

86. Dela S, Paruk F, Brown S, Lukhele M, Kalla A, Jordaan J, 
Conradie M, Mohamed O, Chutterpaul P, Cassim B. Eth-
nic and Gender-Specific Incidence Rates for Hip Fractures 
in South Africa: A Multi-Centre Study. Bone 2020; 133: 
115253.

87. Kebaetse M, Nkhwa S, Mogodi M, Masunge J, Gureja Y, 
Ramabu M, Mmopelwa T, Sharif I, Orford A, Harvey N. A 
Country-Specific FRAX Model for Botswana. Arch Osteo-
poros 2021; 16: 90.

88. Hailu S, Tesfaye S, Alemayehu G. Osteoporosis-Related Ap-
pendicular Fractures in Tikur Anbessa Specialized Hospital 
Ethiopia: A Prospective Observational Study. Arch Osteopo-
ros 2023; 18: 21.

89. Kanis JA, Oden A, McCloskey EV, Johansson H, Wahl DA, 
Cooper C, IOF Working Group on Epidemiology and Qual-
ity of Life. A Systematic Review of Hip Fracture Incidence 
and Probability of Fracture Worldwide. Osteoporos Int 2012; 
23: 2239-2256.

67. Pfeffer M, Linssen B, Parke MD, Kinney RM. Specific Detection 
of Chikungunya Virus Using a RT-PCR/Nested PCR Combina-
tion. J Vet Med B Infect Dis Vet Public Health 2002; 49: 49-54. 

68. Caglioti C, Lalle E, Castilletti C, Carletti F, Capobianchi 
MR, Bordi L. Chikungunya Virus Infection: An Overview. 
New Microbiol 2013; 36: 211-227.

69. Sam IC, AbuBakar S. Chikungunya Virus Infection. Med J 
Malaysia 2006; 61: 264-269.

70. Litzba N, Schuffenecker I, Zeller H, Drosten C, Emmerich P, 
Charrel R, Kreher P, Niedrig M. Evaluation of the First Com-
mercial Chikungunya Virus Indirect Immunofluorescence 
Test. J Virol Methods 2008; 149: 175-179. 

71. Cho B, Kim J, Cho JE, Jeon BY, Park S. Expression of the 
Capsid Protein of Chikungunya Virus in a Baculovirus for 
Serodiagnosis of Chikungunya Disease. J Virol Methods 
2008; 154: 154-159. 

72. Mogami R, Pereira Vaz JL, De Fátima Barcelos Chagas Y, De 
Abreu MM, Torezani RS, De Almeida Vieira A, Junqueira Filho 
EA, Barbosa YB, Carvalho ACP, Lopes AJ. Ultrasonography of 
Hands and Wrists in the Diagnosis of Complications of Chikun-
gunya Fever. J of Ultrasound Med 2018; 37: 511-520. 

73. Canella C. Imaging Findings in Chikungunya Fever. Radiol 
Bras 2017; 50: V. 

74. Mizuno Y, Kato Y, Takeshita N, Ujiie M, Kobayashi T, Kanaga-
wa S, Kudo K, Lim CK, Takasaki T, Mizuno Y. Clinical and 
Radiological Features of Imported Chikungunya Fever in Ja-
pan: A Study of Six Cases at the National Center for Global 
Health and Medicine. J Infect Chemother 2011; 17: 419-423. 

75. Pegado R, Cavalcante AF, Morya E. Newer Rehabilitation 
Therapies: Strategies in Chikungunya Chronic Arthralgia. 
Clin Med (Lond) 2020; 20: 119-120.

76. Brito CA, Sohsten AK, Leitão CC, Brito RC, Valadares LD, 
Fonte CA, Mesquita ZB, Cunha RV, Luz K, Leão HM, Brito 
CM, Frutuoso LC. Pharmacologic Management of Pain in 
Patients with Chikungunya: A Guideline. Rev Soc Bras Med 
Trop 2016; 49: 668-679. 

77. Guaraldo L, Wakimoto MD, Ferreira H, Bressan C, Calvet 
GA, Pinheiro GC, Siqueira AM, Brasil P. Treatment of Chi-
kungunya Musculoskeletal Disorders: A Systematic Review. 
Expert Rev Anti Infect Ther 2018; 16: 333-344. 

78. Brito CAA, Marques CDL, Falcão MB, Cunha RVD, Simon 
F, Valadares LDA, Luz KG, Melo CFCAE, Albuquerque Fil-
ho DO, Brito MCM, Duarte ALBP. Update on the Treatment 
of Musculoskeletal Manifestations in Chikungunya Fever: A 
Guideline. Rev Soc Bras Med Trop 2020; 53: e20190517. 


