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Abstract: Sago haemolytic disease (SHD) is a rare but significant condition presenting in sago 
starch-eating populations in Western Province, Papua New Guinea. Although rare, case fatality 
rates are high, and no known antidote is available. The exact cause of the disease is unknown, but 
it is believed to be secondary to mycotoxins produced by fungi in old sago. In this case report, a 50-
year-old female was treated in a low-resource setting in Middle Fly, with fluid resuscitation and 
transfusion, making a full recovery without complications. The mainstay of treatment for SHD is 
intravenous fluid resuscitation and strict fluid balance, which can be achieved in even the most 
remote Western Province aid post. Increased food insecurity, secondary to climate change, may see 
the incidence of this condition increase. Therefore, all health workers in Western Province should 
be comfortable with fluid resuscitation and fluid balance practices. 
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1. Introduction 
Sago starch, refined from the sago palm tree (Metroxyon Sagu), is commonly eaten 

throughout Southeast Asia and Melanesia. Papua New Guinea is the second largest 
grower of the crop [1]. The sago palm is heavily relied upon as a primary source of carbo-
hydrate energy, with up to 300 kg of starch harvested from each tree [1]. Few diseases can 
harm the sago palm, and it grows in locations and conditions in which other crops cannot 
grow [1]. The high yield of the sago palm, its ease of growth and perennial harvesting 
have led to calls to increase sago palm crops throughout the tropics [1]. In Western Prov-
ince, Papua New Guinea, the consumption of sago starch is ubiquitous [2,3]. 

A description of sago haemolytic disease (SHD) was first published in 1974 [2,3]. The 
exact cause of the condition is unknown; however, mycotoxins are heavily suspected [2]. 
It is believed that aerobic conditions of storage permit fungi to grow, which unsuspecting 
families consume [2]. The fungal hyphae are broken down during digestion, which causes 
a free fatty acid excess in communities low in albumin (secondary to protein insufficiency 
malnutrition) [2]. Excess of free fatty acids destroys the red cell membrane, causing intra-
vascular haemolysis [2]. 

Environmental conditions, such as flooding and drought, lead to food insecurity and 
are becoming increasingly common [4]. Food insecurity causes populations to eat older 
sago, which is more likely to contain dangerous fungi. As climate conditions continue to 
change, food insecurity is expected to increase, potentially leading to an increase in cases 
of SHD. 

Patients often present 12–24 h after consuming the spoiled sago, reporting headache, 
fever, dizziness, weakness, vomiting, jaundice and haematuria [2,5]. Western Province 
has the highest rate of SHD worldwide, despite the fact that 300 million people interna-
tionally consume sago starch regularly [1,2]. The Middle Fly District recorded the greatest 
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number of outbreaks, with three registered between 1998 and 2005 [2]. The incidence of 
SHD is estimated at 5.8/100,000 in Western Province, with a case fatality rate of 35% over 
a 10-year period [2]. The case fatality rate may be artificially high as it is likely that very 
remote cases are not adequately reported. Although genetic disposition in this region has 
been considered a potential risk factor, investigation of the effect of Melanesian ovalocys-
tosis by Rai suggested it is unlikely to be significant [6]. There is no standardised national 
treatment guideline for SHD; however, intravenous fluids and transfusion are the most 
common interventions [2]. 

Publications thus far have focused on the aetiology of SHD and potential preventa-
tive behaviours to stop its occurrence. Although these studies are crucial, they do not as-
sist health workers who are faced with SHD at the clinic. This case report aims to provide 
primary health care workers with a context and framework to initiate good clinical care 
to minimise morbidity and mortality in patients suffering from SHD. 

2. Case Presentation 
A 50-year-old female Lake Murray resident presented at the Boboa Health Centre 

with spontaneous gross haematuria. Her family reported a 24 h history of increasing ab-
dominal pain and agitation with confusion. The patient denied diarrhoea, vomiting, dys-
uria or coryzal symptoms preceding presentation. This history was confirmed by the sister 
who lived with the patient. She was previously well, with no known medical history. The 
patient’s sister reported the family had eaten ‘old sago’, harvested three months earlier, 
in the two days preceding the presentation. The sago was stored in a bucket in the home. 

Initially, the 50-year-old mother was the only member of the family who presented 
with haematuria. Within 24 h, the patient’s 12-year-old daughter and 5-year-old grandson 
also presented with painless haematuria but nil abdominal pain or confusion. In total, 
three of the five family members who consumed the Sago developed gross haematuria. 
Only the mother required admission. Further history revealed the mother had prioritised 
the sago starch, which looked and felt fresher, for her children, consuming the older-look-
ing sago herself. She also consumed a larger quantity of the starch. 

The nursing officer at Boboa reported nine similar cases presenting in the last three 
months alone; however, they were all members of one family. Three of these cases re-
quired referral to the district hospital for transfusion, and one death was reported. In ad-
dition, the health worker reported old sago starch had been consumed due to ongoing, 
unprecedented flooding in Lake Murray and the inability to use the water for new sago 
preparation due to faecal contamination by flooded pit latrines. 

3. Examination, Investigations, Diagnosis, Treatment and Outcomes 
On presentation, the examination findings demonstrated a soft but tender abdomen 

with nil signs of peritonism. The pain was localised to the suprapubic region and right 
and left lower quadrants. There were no organomegaly and no signs of jaundice. The pa-
tient was agitated and often crying in pain, unable to follow commands and not orientated 
to the surroundings. The patient could not walk due to generalised ‘body weakness’, with 
neurological examination revealing 4/5 strength in all four limbs and sensation intact. The 
pupils were equal and reactive to light. The Glasgow Coma Scale was 14 (due to confu-
sion). The chest was clear, and heart sounds were dual with nil murmur detected. 

Her vital signs were as follows: heart rate, 74 beats per minute; blood pressure, 130/80 
mmHg; temperature, 37.3 degrees Celsius; and oxygen saturation, 94%. After 12 h of ob-
servation, these vitals were as follows: heart rate, 95 beats per minute; blood pressure, 
100/70 mmHg; temperature, 38.5 degrees Celsius; and oxygen saturation, 92%. 

Due to being in remote Western Province, Papua New Guinea, investigations were 
limited. However, on the day of presentation, the malaria rapid diagnostic test was nega-
tive. The malaria rapid diagnostic test was repeated 12 h later (when the patient developed 
fever) and was still negative. The Haemocue portable haemoglobin machine recorded an 
initial haemoglobin level of 8.5 g/dL, which decreased to 7.3 g/dL and 6.8 g/dL at 12 and 
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18 h measurements, respectively. On gross examination, the urine was rosé in colour (see 
Figure 1). Urine dipstick demonstrated haemoglobin ca. 50, leucocytes ca. 75 and protein 
100 and was negative for nitrites. Blood glucose was 4.6 mmol/L measured with the Ac-
cuCheck portable blood glucose machine. 

  
(a) (b) 

Figure 1. (a) Haematuria as seen once the indwelling catheter was placed in the patient; (b) the initial 
sample of urine provided by the patient on presentation. 

The initial most likely diagnosis was urinary tract infection (with associated cystitis, 
pyelonephritis and/or renal calculi). Malaria, despite the negative rapid diagnostic test, 
and SHD were a differential diagnosis. SHD is incredibly rare, but the nine previous cases 
in this community gave it increased weight as a potential cause of the presentation. 

A urinary catheter was inserted, and intravenous fluids were administered with strict 
fluid balance. The patient received 4.5 L of fluid over 18 h, whilst draining 5 L in the cath-
eter bag. She was monitored for clinical signs of fluid overload. The patient was com-
menced on 1 g paracetamol per rectum, and per oral cotrimoxazole 960 mg as per the 
Standard Treatment Manual for Papua New Guinea treatment for cystitis. Twelve hours 
later, the patient showed no improvement and was commenced on intravenous ceftriax-
one 1 g. Despite these antibiotic interventions, the pain and agitation continued, and gross 
haematuria did not abate. The fever was reduced with administration of paracetamol. 

At the twelve-hour mark, two further members from the same family, who had con-
sumed the same sago starch, presented with painless gross haematuria, making the diag-
nosis of SHD the most likely cause. 

The 50-year-old female was transferred from the remote Boboa outpost to Kiunga 
District Hospital where fluid balance continued. Unfortunately, their laboratory was out 
of reagents and was unable to provide haemoglobin on arrival. The physician adminis-
tered one unit of fresh blood based on clinical signs. The haematuria ceased after 24 h at 
the hospital (72 h since onset). The patient was discharged 5 days later after full recovery. 

4. Discussion 
The lack of awareness campaigns, or funded programs, to tackle dangerous sago 

storage mechanisms means cases of SHD will continue to present to health workers in 
Western Province. Urgent referral to a hospital is the preference for management of SHD 
patients; however, logistics in remote areas mean medivacs are often delayed or not pos-
sible. Health workers need to be confident to provide the best management possible in a 
low-resource setting. 

Health workers within Western Province should be mindful that SHD remains rare, 
and for patients presenting with haematuria, other more likely differential diagnoses such 
as urinary tract infection/cystitis should be considered first [7]. Malaria is also much more 
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common in Western Province, and severe malarial haemorrhagic fever can lead to haema-
turia [8]. 

Despite the case fatality rate, health workers should be reassured that the condition 
is self-limiting and likely based on the quantity of fungal hyphae ingested. There is no 
known antidote to SHD, and management should focus on supportive care similar to the 
principles used for other haemolytic crises [2]. This involves restoration of total haemo-
globin to above 5 g/dL (if transfusion is safely available), monitoring of tissue oxygena-
tion, strict fluid balance, adequate hydration via intravenous fluid support, body temper-
ature control with antipyretics and observation for metabolic acidosis [9]. 

The two potential complications of SHD which likely cause death are severe haemo-
lytic anaemia and kidney failure. Acute haemolysis can cause acute renal failure, second-
ary to deposition of haem pigmentation, leading to tubular necrosis [10]. This can be 
avoided by dialysis [10]. Dialysis is only available in Western Province at Tabubil Hospi-
tal. In low-resource settings, in the absence of dialysis, intravenous fluids should be ad-
ministered to maintain the intravascular volume, promoting perfusion of the renal sys-
tem, and assisting in the excretion of haemolysis waste products, decreasing their deposi-
tion in the renal system [11]. 

Intravenous resuscitation and fluid balance can be performed in remote centres and 
do not require specialist equipment, where the aim should be to continue the resuscitation 
until the urine is clear and the patient’s symptoms have resolved. Frusemide is also avail-
able rurally and could be used to treat low urine output, increasing blood flow to the renal 
system, but should be discontinued if there is no diuretic response within three hours [12]. 
This should only be administered with the support of a medical officer. 

5. Conclusions 
In conclusion, SHD remains a rare but serious condition for the people of Western 

Province, Papua New Guinea. Health care workers in Western Province need to be mind-
ful of the condition as a potential differential diagnosis and provide appropriate support-
ive care to reduce morbidity and mortality in this low-resource setting. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable as this is a de-identified case study which 
does not require ethics approval. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Acknowledgments: I am grateful to the patient, her family and the staff at the Boboa Lake Murray 
Health Centre who gave permission for the writing of this de-identified case report. Special 
acknowledgement must be given to the nursing officer in charge, Kibsy, for his tireless efforts to 
care for the people of the Boboa catchment area despite many challenges. Thanks to Mission Avia-
tion Fellowship (MAF) who answered the call to evacuate this patient (and others) to receive the 
life-saving hospital care they needed. Thank you to John Oakley for providing remote telephone 
advice. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Hiroshi Ehara, Y.T.; Dennis, V.J. Sago Palm: The Multiple Contributions to Food Security and Sustainable Livelihoods; Springer Open: 

Nagoya, Japan, 2018. 
2. Shipton, W.A.; Greenhill, A.R.; Warner, J.M. Sago Haemolytic Disease: Towards understanding a Novel Food-Borne Toxicosis; Papua 

New Guinea Institute of Medical Research: Garoka, Papua New Guinea, 2013; Volume 56, pp. 166–177. 
3. Donovan, K.O.; Shaw, D.E.; Amato, D. Sago and haemolysis. Papua New Guin. Med. J 1976, 19, 183–184. 
4. Beddington, J.R.; Asaduzzaman, M.; Clark, M.E.; Bremauntz, A.F.; Guillou, M.D.; Jahn, M.M.; Lin, E.; Mamo, T.; Negra, C.; 

Nobre, C.A. The role for scientists in tackling food insecurity and climate change. Agric. Food Secur. 2012, 1, 1–9. 
5. Donovan, K.; Shaw, D.E.; Amato, D. Sago haemolysis: Clinical features and microbiological studies. Papua New Guin. Med. J. 

1977, 20, 167–174. 



Trop. Med. Infect. Dis. 2021, 6, 190 5 of 5 
 

 

6. Rai, N. Investigations in the Aetiology and Pathophysiology of Sago Haemolytic Disease; James Cook University: Townsville, Australia, 
2004. 

7. Yeoh, M.; Lai, N.; Anderson, D.; Appadurai, V. Macroscopic haematuria A urological approach. Aust. Fam. Phys. 2013, 42, 123–
126. 

8. Ajetunmobi, W.A.; Orimadegun, A.E.; Brown, B.J.; Afolabi, N.K.; Olabiyi, F.A.; Anetor, J.I.; Omokhodion, S.; Osinusi, K.; 
Akinbami, F.O.; Shokunbi, W.A.; et al. Haemoglobinuria among children with severe malaria attending tertiary care in Ibadan, 
Nigeria. Malar. J. 2012, 11, 336, doi:10.1186/1475-2875-11-336. 

9. Taher, A.V.E.; Musallam Ket. In Guidelines for the Management of Non Transfusion Dependent Thalassaemia (NTDT); Thalassaemia 
International Federation: Nicosia, Cyprus, 2013. 

10. Rubio, C.R.; Gómez, P.F.; Cosmes, P.G.; Bandera, R.D.; Álvarez, C.G. Intravascular Haemolysis and Renal Failure. Nefrologia 
2011, 31, doi:10.3265/Nefrologia.pre2011.Jun.10941. 

11. Harty, J. Prevention and management of acute kidney injury. Ulster Med. J. 2014, 83, 149–157. 
12. Strobel, E. Hemolytic Transfusion Reactions. Trans. Med. Hemother. 2008, 35, 346–353, doi:10.1159/000154811. 

 


