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Background: It is not enough to study malaria incidence in the community 
from a human perspective alone. It must involve environmental aspects 
and potential animal hosts for the human-Plasmodium (h-Plasmodium) 
parasite. The behaviour of some zoophilic Anopheles species that like 
to suck animal blood is a concern for all. Empirical evidence of parasite 
transmission from Anopheles to domestic animals is crucial to the study. 
Specific markers for the presence of h-Plasmodium in the erythrocytic 
phase are the appearance of the enzymes histidine-rich protein and 
parasite lactate dehydrogenase. This study aimed to track the presence 
of h-Plasmodium by detecting HRP-2 and pLDH in cattle. 

Method: An exploratory observational study was conducted in Kemtuk 
Gresi District and Nimboran District in Jayapura Regency. Blood samples 
were taken from 30 cows from the jugular vein in the neck, and tested 
using StandaReagent™ RDT of malaria for P. falciparum and P. vivax. 

Results: Most of the samples did not contain h-Plasmodium (93.33%), but 
two cows were found to be positively infected with P. vivax from both 
districts (6.67%). This suggests that the zoophilic Anopheles mosquito 
might have transmitted the parasite to the cattle. 

Conclusion: Cattle can be infected with h-Plasmodium as evidenced by 
the detection of P. vivax lactate dehydrogenase (PvLDH) in the samples 
and have the potential to be a reservoir for malaria transmission.

Keywords: Bovine Blood, h-Plasmodium, Malaria, P. vivax, RDT, 
StandaReagent™
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Introduction
Malaria is still a health problem in Indonesia as well as in 
the world.1 The difficulty of eliminating malaria is due to 
many variables that play a role in its transmission.2-5 Malaria 
control programmes rely more on handling vectors and 
patient populations, previously believed to be the only 
reservoir and have not yet reached non-human reservoirs.6-8 
Recent studies in the last five years have found the presence 
of human-Plasmodium (h-Plasmodium) in several types of 
domestic livestock.9-12

The existence of h-Plasmodium that causes malaria in 
livestock still needs scientific strengthening because the 
findings are still very limited.13,14 Evidence for the existence 
of this parasite can be seen from the various biomedical 
markers produced during its life activities.15-17 Two markers 
that are believed to be the evidence of the activity of 
Plasmodium sp parasites are enzymes formed in the 
erythrocytic phase, namely histidine-rich protein 2 (HRP-
2), and parasite lactate dehydrogenase (pLDH).18-21

The availability of diagnostic tools for malaria is still oriented 
toward detecting suspected human sufferers and has 
not been specifically designed for non-human samples. 
Advances in molecular diagnostic techniques are very 
helpful in tracking the presence of h-Plasmodium in various 
hosts, including suspicious domestic livestock.22 Microscopic 
testing, which is the gold standard for diagnosis of malaria,23 
may differ in diagnosis due to the highly variable morphology 
of the parasites. The use of a rapid diagnostic test (RDT) for 
malaria screening in areas with high endemicity is more 
helpful in finding new cases quickly and easily.24,25 The most 
valid marker for the presence of h-Plasmodium in patients 
is the appearance of the enzymes histidine-rich protein 
(HRP) and parasite lactate dehydrogenase (pLDH).26 They 
are the most reliable indicators of h-Plasmodium infection 
in patients, however, they still have significant limitations.27

This study aims to trace the presence of HRP-2 and pLDH 
in domestic livestock as a marker of parasitic life processes 
in the host. The study focused on types of cattle that are 
frequently utilised as a barrier against Anopheles (An.) 
mosquito bites.

Material and Method
An exploratory observational design was chosen for the 
study in Kemtuk Gresi and Nimboran Districts in Jayapura 
Regency. The study was conducted from September to 
December 2022. Thirty cattle were chosen for the study 
by the saturated sampling technique. The owners had kept 
all cows for more than three months. 

Material Collecting 
Bovine blood specimens were collected from the jugular 
vein using an EDTA vacuum tube by trained personnel 
from the local Animal Husbandry Service. HRP-2 and pLDH 
testing was carried out using the Rapid Diagnostic Testing 
(RDT) of the StandaReagen™ malaria brand. 

Protocol of the Testing 

A sample loop was used to add 5 µL of whole blood into 
the sample well. Two drops (60 µL) of assay buffer were 
added to the buffer well. The test result was read within 
20 minutes.

Interpretation of Result 

The result was considered negative if only one pink or 
purple band appeared on the control region, and positive 
if in addition to a pink or purple coloured control band, a 
pink or purple coloured band appeared at the Pf and/ or 
Pv region (Figure 1).28

Ethical Approval

Ethical approval was issued by the Ethics Commission of 
the Faculty of Public Health, Universitas Muhammadiyah 
Semarang number 707/KEPK-FKM/UNIMUS/2022.

Results
The cattle population in the two districts was not large 
because the residents used to raise other livestock such 
as pigs which had a higher selling value. Most of the 
livestock (as much as 86.67%) were within a distance of 
fewer than 100 meters from the owner’s house. None of 
the cattle discovered in the two regions were confined in 
proper cattle pens. Cattle pens discovered were simply 
enclosures with a border made of wood and a simple 
barrier to keep livestock from escaping. In fact, as many as 
43.3% of the livestock were left unrestrained in the forest 
by their owners in Nimboran District. Almost all livestock 
owners had experienced malaria, but when the samples 
were taken, some had recovered from treatment, and only 
16.67% were still sick with malaria and lived in Nimboran 
District. The positive cow from the two districts had its 
blood tested using the malaria RDT (Table 1).

P. falciparum was not found in cows, but P vivax was found 
in 2 cows (6.67%). A biomedical marker for the presence 
of P. vivax is indicated by a positive result for the PvLDH 
enzyme (Figure 2). Two cows were detected to produce the 
enzyme lactate dehydrogenase. Although the proportion 
is relatively small, this shows the survival ability of P. vivax 
in bovine blood (Figure 3).
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Table 1.Maintenance and Cowshed Condition

Variable District of Kemtuk Gresi District of Nimboran
Number of cattle 12 18

Distance of cattle to house (m)
  0-10 0 2

10-50 12 9
50-100 0 3
± 1000 0 4

Cowshed condition
No shed 0 13

No roof, no walls 12 5
Was the farmer suffering from malaria?

Yes 0 5
No 12 13

StandaReagen™ RDT testing
Positive 1 1
Negative 11 17 

Figure 1.Interpretation of StandaReagen™ Malaria RDT

Figure 2.The StandaReagen™ RDT Test Results - Positive for P. vivax in Sample 
Numbers 1 and 14 indicated by the Appearance of a Reddish Antigen Band Line
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Discussion
Jayapura Regency is located between 2° and 3° South 
Latitude and between 139° and 140° East Longitude and 
has an area of 17,516.6 km2 divided into 19 districts.29 The 
topography of the area is mostly in the form of relatively 
steep slopes with a slope of 5%-30% and a height of 0.5 
m-1500 m above sea level. The northern coastal area is 
in the form of undulating lowlands with a slope of 0%-
10% which is covered with alluvial deposits and partly in 
the form of swamps covering an area of 13,700 ha. The 
majority of Jayapura Regency (72.09%) is above the slope 
of 41%, while the range of places with a slope of 0%-15% 
is approximately 23.74%.30

Kemtuk Gresi District and Nimboran District are two district 
areas that are located next to each other in the central area 
of Jayapura Regency. Most of the population here earns 
livelihood as farmers. Raising livestock, such as poultry 
and medium to large livestock, is common among the 
population. Home-scale pig farming seems to be a necessity 
for residents, while other large livestock are relatively rare. 
There are only a few people who raise cattle in the two 
districts, so the number of cattle-population is also not large.

Kemtuk Gresi District is an area directly adjacent to Keerom 
Regency which is the highest malaria endemic area in 
Indonesia.1 Geographical conditions that are relatively 
same and continuous between regions are conducive for 
Anopheles vectors. There are reports of zoophilic Anopheles 
species in the area that prefer both human and animal 
blood.31 

Several Anopheles species have been confirmed as 
vectors for malaria in Papua, Indonesia, viz., An. farauti, 
An. bancroftii, An. punctulatus, and An. coliensis.32,33 The 
zoophilic Anopheles species found in Papua were An. 

hinesorum, An. farauti, An. coliensis, and An. tessellatus.34 
The existence of cattle in the open pen area is a source of 
blood feed for zoophilic Anopheles.35,36 Female Anopheles 
mosquitoes need blood for their reproductive process to 
produce eggs.37 The behaviour of female zoophilic Anopheles 
sucking the blood of livestock opens opportunities for the 
transfer of Plasmodium parasites to livestock.38

The important stage that causes Anopheles to become 
infectious is the gametocyte.39 It is the sexual stage of 
Plasmodium sp which will continue the life cycle through 
mating.40 The sexual cycle of Plasmodium sp will not occur 
without the gametocyte stage, and there will be no confirmed 
vector for malaria transmission.41 Macrogametocytes are 
fertilised by microgametocytes in the stomach of the female 
Anopheles.42 Furthermore, the development process from 
zygote to sporozoite occurs.43

The finding of gametocyte stages in the blood confirms 
the existence of h-Plasmodium transmission in domestic 
livestock. Unfortunately, there was no microscopic testing 
done in this study and the type of parasitic stage that 
had formed could not be known. The rapid diagnostic 
tool can only detect the presence of PfHRP-2 and PvLDH 
formed in the erythrocytic phase. However, the pLDH is a 
terminal enzyme produced by the h-Plasmodium parasite 
from the start of the erythrocytic phase to its peak at the 
gametocyte stage.44

There is not much known about the ability of Plasmodium to 
survive in animals. Several previous studies need attention 
in this regard. The finding of h-Plasmodium in Etawa 
crossbreed goats in Purworejo, Central Java, showed 
that the malarial parasite can live and develop up to the 
erythrocytic phase in the animal’s body.13 Similar findings 
were also reported from the Sumba and Fakfak areas where 
Plasmodium vivax was found in buffaloes, horses, goats, and 

Figure 3.Results of the HRP-2 and pLDH Plasmodium sp by RDT
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dogs even up to the gametocyte stage.14 The results of these 
two studies have actually answered doubts about the role 
of livestock as part of the chain of transmission of malaria 
so far.45 The gametocyte stage proves that Plasmodium 
sp can really survive and is able to develop to the final 
stage, thus it has the potential to make its host a source 
of transmission or reservoir.

The detection of Plasmodium vivax in two cows from the two 
districts in the current study strengthens and complements 
the findings regarding the viability of h-Plasmodium in 
livestock. The findings from Jayapura Regency are based on 
an examination of the RDT method using StandaReagen™. 
The malaria RDT test kit uses the principle of a colour 
reaction on the formation of bonds between antigen and 
antibody.46 RDT StandaReagen™ has coated the diagnostic 
tool membrane with 2 types of monoclonal antibodies, 
namely HRP-2 for the Plasmodium falciparum band line 
and pLDH for the Plasmodium vivax band line. A colour 
reaction in the form of a line is formed when the antigen 
from the blood sample reacts with specific monoclonal 
antibodies in the membrane of the device.28

The finding of PvLDH in these cattle (Figure 2) is an 
improvement after the same method failed to detect the 
pLDH enzyme in the blood of Etawa crossbred goats25, and 
other domestic animals47 although finally PfLDH was found 
using the polymerase chain reaction (PCR) method.48 The 
finding of PvLDH in this cow showed a parasite species 
different from the one in Etawa crossbred goats.47 Both P. 
vivax and P. falciparum species produce LDH enzymes when 
they enter the erythrocytic phase of the schizogony cycle.

These two are terminal enzymes, namely the final 
metabolite products produced by Plasmodium sp, that can 
be detected and used as biomarkers for their presence in 
the host’s body.49,50 The pLDH was detected easily in blood 
samples with a parasitaemia level of 0.2%-10%.51,52 The 
pLDH production from gametocyte stages in this asexual 
stage after treatment remains positive for several days.53

If the HRP-2 enzyme is not detected, it cannot automatically 
be concluded that P. falciparum cannot be transmitted 
and cannot thrive in cattle, considering that in other 
locations, it can be identified in several types of domestic 
animals.13,14,48 The low level of parasitaemia that occurs can 
lead to the undetectable presence of parasites because it 
is beyond the capabilities of the diagnostic tools used.25 
PfHRP-2 begins to be produced when merozoites invade 
erythrocytes and transform into young, ring-shaped 
trophozoites,54 but is more dominantly produced by the 
mature stage of Plasmodium.55 HRP-2 was also detected 
at the developmental stage of P. falciparum gametocytes 
in erythrocytes. PfHRP-2 can be used as a marker for the 
presence of gametocyte stages in the erythrocytic phase 
because this protein is expressed from the membranes of 

erythrocytes invaded by P. falciparum and is also found in 
the cytosol.56

The detection of h-Plasmodium, especially P. vivax and 
P. falciparum in domestic livestock in several places in 
Indonesia shows that these parasites can live and develop 
in the bodies of domestic livestock.45 These findings 
represent new scientific developments in terms of the 
transmission of malaria in society. The understanding 
of the transmission cycle of malaria must begin to shift, 
from only “humans - Anopheles - humans”57 to “humans 
and livestock - Anopheles - humans and livestock”. The 
emergence of domestic livestock as a non-human reservoir 
must receive serious attention because it will change efforts 
to control malaria in the community which has livestock 
in residential areas.

Conclusion
Cattle have the potential to become a reservoir of malaria 
transmission, as evidenced by the PvLDH detected in the 
cow’s blood. This finding is significant for the control of 
malaria transmitted by zoophilic vectors. The existence of 
livestock is vital to watch out for as it may be a source of 
infectious parasites.
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