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Mercury is a highly toxic compound. It has been used for many 
years in medicine, agriculture and industry, making it a ubiquitous 
environmental pollutant.[1] The clinical presentation of mercury 
toxicity depends on the type and quantity of the mercury exposure, 
and may include neurological, respiratory, renal and gastrointestinal 
syndromes. The neurological manifestations of mercury toxicity 
include anxiety, encephalopathy, seizures and cerebellar ataxia. As 
with most toxin-related neurological syndromes, the clinical deficits 
are almost exclusively symmetrical in their presentation.[2]

Mercury poisoning gained public interest with the ingestion of 
contaminated seafood during the Minamata Bay disaster in Japan, 
and with cases in Iraq from exposure of grain to mercury-containing 
fungicide.[3,4] Here we report two cases of mercury toxicity in 
artisanal gold miners in South Africa (SA). These illegal, unregulated 
mining operations lack occupational safety precautions and can lead 
to exposure to dangerously high levels of mercury.[5] 

Of particular interest here were the strikingly asymmetrical 
neurological deficits in our patients, which to our knowledge have 
not been described previously.

Ethical considerations
Patient informed consent was obtained for a written case report. 
Ethical approval was obtained from the Human Research Ethics 
Committee (Medical) of the University of the Witwatersrand, 
Johannesburg, South Africa (ref. no. M221096).

Case presentations
Case 1
A 32-year-old male was referred to Helen Joseph Hospital, 
Johannesburg, SA, with a 2-month history of progressively worsening 
tremors of his right upper and lower limbs. One week prior to the 

presentation he had become increasingly confused, experienced 
auditory and visual hallucinations and displayed aggressive behaviour. 
He had no past medical history. His occupational history revealed 
that he had been an informal gold miner for the past 6 months. His 
work entailed burning a mixture of gold ore and elemental mercury 
in order to extract the gold. He did not use any personal protective 
equipment (PPE) for this purpose. There was no history of exposure 
to any other toxins or drugs. 

On arrival at our institution, he was markedly encephalopathic, 
not talking, not obeying instructions, making non-purposeful 
movements and extremely anxious and apprehensive of anyone 
trying to approach him. He was noted to have focal seizures of 
his right upper limb, and was markedly ataxic axially and in all 
four limbs. Notably, this ataxia was strikingly more prominent on 
the right side of his body compared with the left. Routine blood 
investigations and cerebrospinal fluid (CSF) analysis were within 
normal limits (Table  1). Urgently obtained blood mercury levels 
were grossly elevated at 146  µg/L (normal range 10  -15  µg/L). A 
computed tomography (CT) scan of the brain was normal; magnetic 
resonance imaging (MRI) showed a non-enhancing left frontal 
cortical hyperintensity on T2 FLAIR, which was isointense on 
T1-weighted sequences (Fig. 1). 

A diagnosis of mercury poisoning secondary to occupational 
exposure was made, with resultant encephalopathy, right focal motor 
seizures and a markedly asymmetrical cerebellar syndrome.

Chelation therapy with N-acetyl penicillamine was initiated within 
hours of admission at a dose of 300  mg per os 6-hourly. Sodium 
valproate was commenced for focal seizures. 

For the first 3  days, the patient remained encephalopathic and 
the focal seizures extended to the right side of his face. On day  5 
of treatment, the patient became less agitated, and was able to obey 
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simple instructions. He was unable to verbalise, responding with 
groans only. He remained markedly ataxic, with the right side still 
worse than the left. The focal seizures persisted with involvement 
of his face, but occurred less frequently. Chelation therapy was 
continued. By day 10 of treatment, the patient was able to speak, but 
with a severe cerebellar dysarthria. He was orientated to person, but 
not to place or time. A repeat mercury level on day 10 was 72.8 µg/L. 
By day 20, he had markedly improved, was fully orientated and was 
able to follow complex commands. His dysarthric speech was now 
intelligible and his asymmetrical ataxia, although still present, had 
improved to the extent of being able to feed himself and mobilise 
independently. There were no further focal seizures. He had no recall 
of the events directly preceding his admission, but he did remember 
working in the gold mine and using mercury. 

On day 25 of admission, his liver function test revealed mild 
transaminitis (alanine aminotransferase of 170  U/L and aspartate 
aminotransferase of 107 U/L), and penicillamine was discontinued. 
The deranged liver enzymes normalised, and he was discharged 
from hospital on day 27 for outpatient follow-up. At 1 month after 
discharge, he had mild residual ataxia. On his 2-month review, the 
ataxia had completely resolved, and he had returned to baseline. He 
had vague recollections of his admission to hospital, but his memory 
before and after the hospital stay was normal. 

Case 2
A 26-year-old male presented with a 1-week history of poor balance 
associated with slurred speech and inco-ordination of his left 
arm. He had been working on an informal gold mine for the past 
year. There was no history of exposure to drugs or toxins. His 
neurological examination revealed normal higher functions, truncal 

ataxia and a unilateral hemispheric cerebellar syndrome, with left-
sided dysmetria, dysdiadochokinesia and intention tremor. 

Basic blood investigations and CSF analysis (Table  2) were 
normal. A contrasted CT scan of the brain was normal. His urine 
mercury level was 141.13  µg/L (normal <35  µg/L), confirming 
the diagnosis of mercury toxicity. Despite extensive counselling, 
the patient refused to stay in the hospital for treatment. He was 
discharged into the care of his family and subsequently lost to 
follow-up. 

Fig. 1. Axial magnetic resonance imaging T2 FLAIR of patient 1 showing a 
focal T2 hyperintensity in the left frontal lobe.

Table 1. Patient 1 blood and cerebrospinal fluid results
White cell count 10.1 × 109/L
Haemoglobin 15.2 g/dL
Platelets 282 × 109/L
Sodium 136 mmol/L
Potassium 4.1 mmol/L
Chloride 102 mmol/L
Urea 4.3 mmol/L
Creatinine 76 μmol/L
Total protein 74 g/L
Albumin 39 g/L
AST 42 U/L
ALT 60 U/L
GGT 19 U/L
ALP 53 U/L
C-reactive protein <4 mg/L
Calcium 2.25 mmol/L
Magnesium 0.98 mmol/L
Phosphate 0.92 mmol/L
Cerebrospinal fluid examination

Polymorphs 0/µL
Lymphocytes 2/µL
Erythrocytes 0/µL
Protein 0.13 g/L
Glucose 3.6 mmol/L
Gene Xpert Negative
Cryptococcal latex antigen test Negative

AST = aspartate transferase; ALT = alanine transaminase; GGT = gamma-glutamyl 
transferase; ALP = alkaline phosphatase.

Table 2. Patient 2 blood and cerebrospinal fluid results
White cell count 9.57 × 109/L
Haemoglobin 16.2 g/dL
Platelets 229 × 109/L
Sodium 138 mmol/L
Potassium 3.9 mmol/L
Chloride 105 mmol/L
Urea 3.8 mmol/L
Creatinine 65 mmol/L
Total protein 70 g/L
Albumin 38 g/L
Total bilirubin 19 μmol/L
Direct bilirubin 7 μmol/L

ALT 13 U/L
AST 21 U/L
GGT 15 U/L
ALP 59 U/L
Calcium 2.31 mmol/L
Magnesium 0.6 mmol/L
Phosphate 0.97 mmol/L
Cerebrospinal fluid examination

Polymorphs 0/μL
Lymphocytes 0/μL
Erythrocytes 2/μL
Protein 0.22 g/dL
Glucose 4.2 mmol/L
Microscopy, culture and sensitivity No bacteria observed, 

culture negative
Cryptococcal latex antigen test Negative
India ink Negative

ALT = alanine transaminase; AST = aspartate transferase; GGT = gamma-glutamyl 
transferase; ALP = alkaline phosphatase.
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Discussion
Mercury exists in organic, inorganic and elemental forms, each 
leading to different intoxication syndromes.[1] Organic mercury 
exposure usually occurs from ingestion of contaminated food, 
while inorganic mercury exposure is seen with laxative abuse, skin 
lightening creams and antiseptics.[1] Both are primarily absorbed 
through the gastrointestinal tract, and secondarily through intact 
skin. They mainly cause renal and gastrointestinal toxicity, while 
organic mercury toxicity may additionally cause neurological 
symptoms, which are characteristically delayed.[2,4,6]

Elemental mercury is used in manufacturing and industrial 
processes (mining, smelting), as well as household, medical and 
electrical devices (e.g. thermometers, electrical switches and dental 
amalgam).[1,5] It is primarily absorbed by inhalation, is highly 
fat soluble, and readily crosses the blood-brain barrier.[7] Thus 
pulmonary (interstitial pneumonitis) and CNS disorders are the 
typical manifestations of elemental mercury toxicity. The classically 
involved CNS regions are the cerebral cortex (pyramidal cells and 
astrocytes) and the cerebellum (Purkinje cells, granule cells and 
deep cerebellar nuclei).[1,2,6] At low levels of toxicity, patients have 
nonspecific symptoms of headache, nausea and anorexia.[8] At higher 
levels, presentations comprise cerebellar ataxia, encephalopathy and 
a neuropsychiatric syndrome known as erethism, characterised by 
extreme fearfulness, anxiety, excessive sensitivity and irritability.[8,9]

Here we have described two cases of elemental mercury toxicity 
in artisanal gold miners presenting at a tertiary medical institution 
in SA’s Gauteng Province. Artisanal and small-scale gold mining 
is considered the largest source of mercury pollution globally.[10] 
This mainly occurs in underdeveloped countries in Asia,  South 
America and Africa. It is often the only source of income for 
the impoverished, with minimal or no professional expertise 
required.[11,12] A multinational review of artisanal gold miners from 
Ecuador,  Indonesia, the Philippines, Tanzania and Zimbabwe by 
Steckling et al.[13] reported chronic mercury intoxication in 24 - 29% 
of their primary data set. 

In Johannesburg, the gold mining industry started with the 
discovery of the gold reef in 1886.[14] Numerous abandoned mines 
around Johannesburg invite illicit gold mining operations.[15] Their 
illegal nature makes the implementation of occupational health and 
safety regulations very difficult.

Mercury is used to inexpensively and effectively extract gold from 
the amalgamated ore sludge. Upon heating the mixture, elemental 
mercury evaporates and is subsequently inhaled, particularly if 
adequate PPE is not utilised. This is the most likely mechanism of 
exposure in both of our patients.[5,6]

The clinical presentations of our patients are unique in that they 
presented with strikingly asymmetrical neurological signs. The first 
patient had focal motor seizures with an asymmetrical cerebellar 
syndrome, while the second patient had a purely unilateral cerebellar 
syndrome. 

This asymmetry is most peculiar and difficult to explain. Toxin-
induced neurological disorders are known for their symmetrical 
presentations.[2,16,17] A literature search could not yield any possible 
explanation or even any previous cases describing asymmetrical 
CNS features in patients with mercury toxicity. MRI scans of the 
brains in some of the Minamata Bay disaster victims showed bilateral 
involvement of cerebral and/or cerebellar cortices.[18] The MRI scan 
of our first patient showed a unilateral T2 FLAIR hyperintensity 
involving the left frontal cortex. This correlated well with the location 
of his focal seizures (right arm and face). 

Seizures have previously been described in patients with mercury 
poisoning (including 2.86% of the Minamata Bay-exposed).[19] 

However, to our knowledge there have been no previous reports of 
focal seizures in the literature, as were noted in our first patient. Our 
second patient presented with purely unilateral cerebellar signs, with 
no corresponding structural explanation on imaging, although we 
acknowledge that only a CT scan was obtained. 

Alternative aetiologies for the asymmetrical presentations were 
reasonably excluded, and resolution of the asymmetrical deficits with 
chelation therapy in patient 1 implies that mercury toxicity was the 
most likely aetiology of these asymmetrical signs.

Dimercaprol, succimer and N-acetyl penicillamine are the mainstay 
chelating agents used in mercury poisoning.[7] The SA Standard 
Treatment Guidelines and Essential Medicines List includes both 
dimercaprol and N-acetyl penicillamine.[20] N-acetyl penicillamine 
was used in our first patient and was effective in chelation. 

Regarding the duration of treatment, we had treated our first patient 
with N-acetyl penicillamine for 5 days as is standard.[20] However, as 
there was no improvement after 5 days, and in consultation with our 
national poison centre and expert opinion, we opted to continue 
treatment until the patient was asymptomatic or until the mercury 
blood level returned to within normal range.[9,21] In this patient, we 
elected to treat for 25 days as, despite significant improvement, the 
patient remained mildly symptomatic. We stopped treatment upon 
the diagnosis of a mild drug-induced liver injury, which resolved 
spontaneously. His cerebellar ataxia and encephalopathy had resolved 
markedly after 25 days of chelation, and continued to improve over 
the next 2 months, returning to baseline function.

Study limitations
Limitations of our case descriptions include the non-availability of 
MRI and lack of follow-up of our second patient, as well as the lack 
of a post-chelation repeat MRI for the first patient. 

Teaching points
Neurological manifestations of mercury poisoning are universally 
symmetrical in nature.

Here we present two cases with markedly asymmetrical neurological 
manifestations.

History-taking and a high index of suspicion are very important. 
Prompt diagnosis and commencement of chelation treatment has 

good outcomes.

Conclusion
Artisanal gold mining is a thriving, unregulated industry in parts of 
SA and elsewhere in the developing world, resulting in an excessive 
risk of mercury toxicity to its workers and possibly the community 
at large. Neurological disorders associated with toxin exposure, 
including mercury, are inevitably symmetrical in presentation. Our 
two patients with markedly asymmetrical neurological manifestations 
of elemental mercury toxicity are a novel finding. Despite severe 
neurological impairment, prompt diagnosis and treatment resulted 
in a favourable outcome in one of the patients. 

While there is no clear pathophysiological explanation for the 
atypical presentations, our findings highlight the need to keep a high 
index of suspicion for mercury toxicity, particularly in high-risk 
individuals, despite a markedly atypical asymmetrical clinical picture.
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