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Abstract | This study aims to develop two oral vaccines for immunization against Koi Herpesvirus (KHV) and Aeromonas 
hydrophila antigen in common carp, Cyprinus carpio, using formalin-inactivated versions of both virus and bacteria 
(mean body weight of 108.2±1.2g). Vaccines that have been prepared and loaded into Nano liposome blank that have 
been formulated according to the thin film method (Bangham). The experimental was designed into four fish groups for 
vaccinination. The Formulated vaccines (viral and bacterial) was vaccinated once daily for fish along five days, dosed: 0.63g/
fish/day and 1×109cfu/fish/day, respectively. The first two groups of fish were challenged by mingling them with KHV-
infected fish at a ratio of two infected fish to ten vaccinated fish under simulated acclemtized normal condition. In contrast, 
fish from the second group were challenged with live Aeromonas hydrophila at a dose of (3×108cfu/fish and 3×107cfu/fish) 
for 22 days then had been vaccinated single dose. Preliminary findings reveal that fish groups treated with KHV liposomes 
pharmaceutic vaccine exhibit Relation present survival of 45% protection against KHV infection in bad quality water. 
Similarly, in fish groups raised in high-quality water, Relation present survival 62.5 % protection was test screening in 
fish groups. In contrast, fish groups treated with Aeromonas bacterium liposomes had Relation present survival values 
of 67.50% and 78.65%, respectively, against bacterial infection. This result enables us to initiate the subsequent phase of 
our research, wherein we employ tissue culture of fin cells from common carp fish to propagate the Koi herpes virus. The 
objective is to develop a vaccine with a dose containing the antigenic standard of 1×102.5 TCID50/dose, aiming to achieve 
a heightened level of immunity compared to the outcomes observed in the initial phase. Additionally, we aim to combine 
the two vaccine agents, namely the virus and bacterial components, into a single product. Conclusion the study successfully 
developed and tested two liposomal vaccines for common carp, one against Koi Herpesvirus (KHV) and another against 
Aeromonas hydrophila bacteria. The vaccines were prepared using formalin-inactivated virus and bacteria and encapsulated 
in liposomes formulated using the thin film method. KHV vaccine: 45% protection against KHV infection in fish raised in 
bad quality water. 62.5% protection in fish raised in high-quality water. Whereas Aeromonas hydrophila vaccine: 67.50% 
protection against bacterial infection, 78.65% protection in another group of fish.
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INTRODUCTION

Koi Herpesvirus (KHV) is a new Herpesvirus that 
exclusively infects carp (Cyprinus carpio). The end 

of October 2018 affected hundreds of tons of farmed 
common carp (Cyprinus carpio) throughout the Euphrates 
and Tigris Iraqi rivers. Fish were discovered dead and 
moribund along rivers (Toffan et al., 2020). It has resulted 
in a significant number of fatalities and massive economic 
damage (Ababneh et al., 2020). Aeromonas hydrophila is 
a significant pathogen that has also been identified as a 
secondary invader in a variety of infectious diseases (Ali 
and Faruk, 2018) We isolated this bacterium from 70% of 
KHV samples that have been sent to CVL (unpublished 
data). There is an urgent need for a vaccine to prevent 
KHV and Aeromonas hydrophila infection; the traditional 
way has been injection vaccination (Ellis, 1988). A live 
vaccination was created utilizing attenuated KHV for 
intramuscular injection (Ronen et al., 2003). However, 
vaccination by injection route is time and labor-intensive 
and also severe stress to fish by handling also there is a risk 
that the live vaccine might mutate to highly virulent virus 
Oral immunization is a more practical strategy, as fish in the 
posterior intestine takes up both crude lipids and proteins 
(Miyazaki and Fujiwara, 1988). Liposomes are vesicles of 
phospholipid that spontaneously form concentric bilayers 
when exposed to aqueous solutions; they become confined 
between the biodegradable bilayers and slowly release their 
contents as they are degraded within biological systems. 
Therefore, liposomes may effectively function as immuno-
adjuvants (van Rooijen and van Nieuwmegen, 1980). The 
use of vaccines encapsulated in liposomes in fish has not 
been thoroughly investigated. According to a number of 
studies, vaccines encapsulated in liposomes substantially 
enhance antibody protection, immune response, and 
disease protection in a variety of fish and other animals 
(Yasumoto et al., 2006a, b; Irie et al., 2003) indicating that 
liposomes could be utilized profitably for fish vaccination 
(Yasumoto et al., 2006a).

This designated experiment was aimed and projected to 
developed a liposome vaccine containing the antigen of 
the cyprinid herpesvirus 3 (CyHv3) viruses (virosome 
CyHv3) and a liposome vaccine loaded antigen Aeromonas 
hydrophila both were evaluated the immunization and 
development of immunity to common carp Cyprinus 
carpio by oral administration.

MATERIAL AND METHODS

KhV Antigen prepArAtiOn
Our Baghdad laboratory CVL received 10 infected fish 
from a private farm on the Tigris River near Tarmiyh. 
Tissue samples (kidney, spleen, and gills) were taken from 

fish exhibiting severe KHV infection, including death. 
The Portion of the tissue samples was taken for virological 
testing by PCR, while the other part was crushed and 
centrifuged at 5000 g for 15 minutes at 4oC to remove 
any depression and tissue particles and filter at 450nm. 
Clarified suspension 1/1 diluted by sterile growth MEM 
with 10% fetal calf serum kept at -70°C for future use.

The cleared suspension was inactivated with formalin at 
a final concentration of 0.3 % (v/v) for 24 hr, at 24o C. 
The viral antigen was adjusted to a protein concentration 
of 0.63g/fish/day, and the protein concentration was 
measured with a Bio-Rad protein assay kit.

AerOMOnAS hydrOphilA Antigen prepArAtiOn
The virulent isolate of Aeromonas hydrophila strain isolated 
from a skin lesion of a received fish that exhibits significant 
hemolysis on sheep blood agar plates. Aeromonas strain 
cultured in tryptic soy broth at 24oC for 48 hours. The 
cultures were killed with formalin at a final concentration 
of 0.5% (v/v) for 24hrs. At 24oC, the bacteria were collected 
by centrifugation at 3000g for 15 min at 4oC, and the pellet 
was re-suspended in saline solution. The bacteria were 
adjusted to 1×109cfu/fish/day.

lipOSOMe SyntheSiS
The empty liposome was prepared according to (Bangham 
thin-film methods) (Bangham, 1993) and standardized. 
The mixture of phosphatidylcholine 0.5 g and 0.5 g of 
cholesterol w/w were dissolved for liquefaction in mixed 
solvent chloroform 10 ml and methanol 5 ml v/v, the 
mixture was dispersed for 30 minutes, 1500 rpm by the 
vortex. The pro liposome base on the homogenized mixture 
was vacuumed for evaporation by reducing pressure 
conducted with the setting, and intermittent settling in 
water bath 38ºC achieved liquefaction temperature.

The stock solution of each antigen 2 ml was mixed with 
empty liposome 1g the mixture was vortex for 30 minutes 
1500rpm. the ensure and facilitated entire antigens (virus, 
bacteria) into the liposome, stock of liposome was kept 
in the refrigerator overnight at 8ºC by diffusion loading 
manner, the cold liposome stock solution was incubated 
in the water bath for 10 minutes prior vortexing for 30 
minutes. 

The non-incorporated antigen suspension was removed, 
and the KHV liposome vaccine was adjusted to a protein 
concentration of 0.63g/fish/day, while the Aeromonas 
liposome vaccine was adjusted to 1*109cfu/fish/day. In 
order to reduce the size of bacteria and facilitate their 
entry into the liposome, it is necessary to subject them 
to sonication for duration of 30 minutes. This ensures the 
successful incorporation of the antigen into the liposome. 
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So, the resultant suspension was transferred to a new tube 
and repeatedly sonicated with a probe-type sonicator. The 
two liposome vaccine stores at 4 oC and were dispersed 
before feeding fish. 

MicrOgrAph: lipOSOMe SiZe And lAMellAr
Light micrograph: A liposome smear was generated 
and investigated using phase-contrast microscopy. The 
microscope was equipped with an optical filter and set to 
oil immersion magnification. The creation and distribution 
of liposomes were seen in the optical field (Oliveira et al., 
2005). 
Electron micrograph: Take 1% of the liposome samples 
and place them in the Eppendorf tube at a temperature 
of 4°C till they are examined. The materials were analyzed 
using scanning and transmitted techniques. The techniques, 
procedures, and micrograph were conducted in the 
Department of Pharmaceuticals and Toxicology, College 
of Veterinary Medicine, University of Baghdad-Iraq. 
The imaging scan type used was transmission scattering 
method (Szebeni et al., 1985). 
Liposome size: The liposome’s dimensions were determined 
using programmed image analysis and a metric scale on a 
scanning electron micrograph. The average size ratio was 
then estimated (Yokoyama et al., 2008).
Osmolarity tolerance challenge: A solution of liposome 
KHV and liposome Aeromonas was prepared in different 
salt concentrations 0, 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 
0.75, 0.85, 0.95, and 1% of NaCl. The osmolarity tolerance 
challenge included suspending 0.1g of liposome in a 5 
ml solution of normal saline 0.85% as a stock solution. 
Then, 0.2ml of the suspension was added to each tube and 
stirred gently. The liposome count was determined using 
a spectrophotometer at a wavelength of 476 at both the 
initial time and after one hour. The spectrophotometer was 
calibrated using a standard curve (Cicuta et al., 2007).
pH tolerance challenge pH challenge of liposome KHV 
and liposome Aeromonas was done by prepared solution 
in a tube containing different pH labeled as 2.5, 3, 3.5, 4, 
4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 0.9%, Liposome 1 g was 
suspended into 10 ml of distal water and added 0.2 ml of 
the suspension to each tube to determine the liposome 
survival in different pH (Yokoyama et al., 2008).

experiMentAl deSign And prOtOcOl
One hundred and sixty Common carp fish (108.2±1.2g 
mean body weight) were purchased from the Essaouire 
government hatchery, so each ten fish was maintained in 
a glass pound with dimensions of 80*45*28 cm (L*W*D).

chAllenge teSt 
Challenge of vaccinated and unvaccinated fish in all 
experimental groups by exposure to natural infection 
(virulent viral and bacterial) and the level and moment 

of exposure should be the same in all groups of fish. 
Observation of signs of disease is recorded and supported 
by laboratory tests by detected and identified the agent of 
the diseases.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1: Experimental design.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2: Experimental design.

The protection against KHV and Aeromonas hydrophila 
after vaccination was calculated as the Relation Present 
Survival RPS= (1-immunized groups mortality/ control 
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group mortality) × 100 (Amend, 1981).

Results and Discussion

The electron microscope showed the yield liposome KHV 
and A. hydrophila formation was standardized the working 
units liposome via identified forming multilamellar- 
multivesicle liposome and the geometrical scales was 
shown in Table 1 the size of KHV and A hydrophila 
liposome was achieved 89.46±8.92nm and 91.10±3.85nm, 
lamellar. Whereas the loading capability of liposome was 
attended as a percentage of entrapped antigen 3.13±0.21 
% and 4.25±0.17% respectively as the apparent amount 
and the efficiency of entrapment was 75.83±1.46% and 
84.29±3.07%, respectively as productivity of actual load of 
antigen. 

Table 1: Size, lamellar and entrapment efficiency of 
encapsulated KHV and A. hydrophila.
Efficiency 
entrapment 
liposome %

Lamellar 
number

Size of 
liposome 
nm

Type of vaccine

75.83 ± 1.46 3.13 ± 0.21 89.46 ± 8.92 KHV liposome
84.29 ± 3.07 4.25 ± 0.17 91.10 ± 3.85 A. hydrophila liposome

Transmission electron microscopy revealed a strong 
association between Phosphatidylcholine and cholesterol, 
resulting in the formation of closed vesicles that have 
enhanced thermodynamic stability. The liposomal 
composition consists of lipids that closely resemble the 
phospholipids found in cell membranes. These lipids 
are fully biodegradable within the cell membrane. The 
inclusion of cholesterol in the liposome affects its rigidity 
and fluidity, leading to increased stability and reduced 
susceptibility to degradation (Marasini et al., 2017). In 
general, many parameters may influence the entrapment 
effectiveness of the KHV and A. hydrophila liposome 
vaccine in multi-vesicular liposomes. These factors include 
solubility, permeability, and osmolarity tolerance of the 
liposome vaccine containing the first solution. These 
impact results collectively indicated to osmolarity was 
affected encapsulation efficiency of Liposome vaccine 
in the multi-vesicular liposomes and that the maximum 
encapsulation efficiency. 

The size of multi-lamellar liposomes was reduced by 
subjecting them to overtaxing at lower temperatures during 
the production process (Schaeffer and Krohn, 1982). 
Enhance the permeability of molecules across various 
biological tissue membranes (Anderson et al., 1999).

The light micrograph shows the lamellar layers of multi-
lamellar multi-vesicles liposomes containing KHV or A. 
hydrophila, indicated by a red arrow. The light micrograph 

depicts a red arrow pointing to the liposome vaccination 
containing the entrapped antigene, whereas a yellow arrow 
indicates the empty liposome. The light micrograph of 
KHV or A. hydrophila liposome shows a red arrow pointing 
to the aggregated multivesicular antigen vaccination.

Figure 1: The light micrograph of liposome KHV and A. 
hydrophila show the lamellar of liposome with clusters of 
liposomes of multivesicles form and in otherwise denoted 
to the general profile of loading incidence and empty form. 
Further, the signs of inclusive aggregation of liposome 
KHV and A. hydrophila behavior trend to signify a crowed 
grab form.

OSMOlArity tOlerAnce chAllengeS
The osmo-tolerance of liposome KHV and A. hydrophila 
showed no significant change within the range of (0.4-
0.85) when compared to other points of osmotic change. 
Additionally, there was fluctuation seen between the 
exposure durations and NaCl concentrations, as shown by 
the shaded region Figure 2.

KHV liposome A. hydrophila was disseminated in 
phosphate buffers with a pH of 7.2±1.02. The buffer 
allowed the combined lipids to swelling efficiently, resulting 
in the formation of well-defined liposomes. The swelling 
of the material is influenced by the pH and concentration 
of the liquid media. The particular combination of lipid 
ratios in this composition exhibited enhanced swelling 
characteristics within this pH range (Ghazi and Al-Bayati 
2020).

ph tOlerAnce chAllenge ph
The pH tolerance of A. hydrophila and KHV, liposomes 
are a small spherical vesicle made up of a lipid bilayer. 
The pH tolerance of liposome KHV and A. hydrophila did 
not exhibit any significant variations within the pH range 
of 4 to 8, as compared to other pH values. Additionally, 
there was no notable variance seen between the duration 
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of exposure to the pH-changing environment and the 
resulting pH alterations, Figure 3. The liposomal vaccines 
exhibited pH tolerance within the range of pH 4 to pH 
8. The liposome serves as a carrier to administer oral 
vaccination and maintain a favorable response to stomach 
secretion, so achieving an oral mode of administration 
(Kesisoglou et al., 2005).

 

 B 

Figure 2: The Osmo-tolerance in NaCl challenge solution 
of (A) liposome KHV and (B) A. hydrophila at zero time 
and after one hour.

chAllenge teSt 
In vaccinated fish with liposome, KHV with bad water 
quality pound (1.3, 1.4) shown that ten out of twenty 
fish died within 21 days post challenge with accumulative 
mortality of 50%. In contrast, unvaccinated fish with bad 
water quality pound (1.7, 1.8) had shown mortality 90%. 
The percent survival RPS was 45%. 

Vaccinated fish with good water quality that changes 
water every 2 days pound (1.1, 1.2) post challenged six 
out of twenty fish died within 21 days post challenge, the 
accumulative mortality was 30% while in unvaccinated 
fish with good water quality pound (1.5, 1.6) sixteen out 
of twenty fish died, the accumulative mortality was 82.5% 
so RPS was 62.5%, as indicated in Figures 4. All fish 
died and survivors in vaccinated and unvaccinated were 
KHV positive at gill and kidney by PCR assay except 4 
vaccinated fish.

 

(A) The pH tolerance of liposome KHV in an acid-base challenge solution 
was measured at both zero hours and after one hour. 

 

(B) The pH tolerance of liposomes in an acid-base challenge solution was 
measured at both zero hours and after one hour 

 Figure 3: The pH tolerance of (A) liposome KHV and (B) 
A. hydrophila in an Acid-Base challenge solution.

Figure 4: Mortality in groups (immunized fish in good 
quality water by oral vaccination Containing 0.63 µg KHV 
Liposome vaccine /fish/day for five days (1.1, 1.2٭) and 
unvaccinated fish groups in good quality water (1.5, 1.6) 
and Mortality in groups (immunized fish in bad quality 
water by oral vaccination Containing 0.63 µg KHV 
Liposome vaccine/fish/day for five days(1.3, 1.4٭) and 
unvaccinated fish groups in bad quality water (1.7, 1.8). 
.Significantly difference from control (p≤0.05)٭
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The vaccinated fish group with liposome Aeromonas 
bacteria that challenged with alive bacteria at dose 3×108 
cfu/fish pond (2.1, 2.2) showed six out of twenty fish 
died within 14 days post challenge so the accumulative 
mortality was 30% while unvaccinated fish with same 
challenged dose (2.5, 2.6) eighteen out of twenty fish died 
the accumulation mortality was 90% that recorded RPS 
was 67.5%.

When challenged fishes with Aeromonas bacteria at dose 
3×107cfu/fish, (2.3, 2.4) three out of twenty fish died within 
14 days post challenge recording an accumulative mortality 
of 15%, while unvaccinated with the same challenged dose 
(2.7, 2.8) showed fourteen out of twenty fish died recording 
72.5% accumulation mortality and RPS was 78.65%, as 
depicted in Figure 5.

Figure 5: Mortality in vaccination fish for 5 days Aeromonas 
hydrophila liposome vaccine at dose 1*109 bacteria/fish/day 
pound (2.1, 2.2) and unvaccinated fish pound (2.5, 2.6) was 
challenged by intramuscular injection with A. hydrophila at 
3*108 CFU/fish, Mortality in vaccination fish for 5 days 
Aeromonas hydrophila liposome vaccine at dose 1*109 
bacteria/fish/day pound(2.3,2.4) and unvaccinated fish 
pound (2.7, 2.8) was challenged by intramuscular injection 
with A. hydrophila at 3×107 CFU /fish. *Significant 
difference between vaccinated and control at level (p≤0.05).

All fish that died post challenged in vaccinated and 
unvaccinated were re-isolated Aeromonas bacteria from 
kidney and injection site in triptych soy agar plate at 24 oC.

According to the findings, the vaccine created from an 
antigen encased in a liposome is efficient in immunizing 
fish when administered through the oral method. This is 
mainly a result of the fact that fish have a posterior gut 
that is capable of absorbing crude lipids (Miyazaki and 
Fujiwara, 1988), Multilamellar liposomes consist of several 
bilayered structures and vary in diameter from a few to 
hundreds of nanometers. They are particularly well-suited 
for encapsulating hydrophobic antigens (Marasini et al., 
2017). The amount of lipid bilayers in liposomes also affects 
the encapsulation efficiency and the release of vaccines. 

When liposomes are taken up or processed in the cell, the 
lamellarity of the liposomes influences their intracellular 
destiny (Laouini et al., 2012). The vesicles exhibited a dense 
arrangement when seen using the transmission electron 
microscope, suggesting the presence of amphipathic lipids 
such as phosphatidylcholine and cholesterol ( Jaafer et al., 
2021).

The liposome vaccine developed in this investigation, 
including KHV antigen and Aeromonas bacteria, was 
intended to be taken up in the posterior intestine via the 
oral route the oral vaccination is regarded optimal since 
it may stimulate both mucosal and systemic immune 
responses (Quentel and Vigneulle, 1997). Additionally, 
it serves as a handy pathway for administration. 
Nevertheless, the primary issue with oral vaccinations is 
from the degradation of antigens due to stomach acidity 
and proteolytic enzymes in the intestinal lumen.

Consequently, substantial dosages are necessary to attain 
adequate immune responses. Liposomes are a very efficient 
vehicle for transporting antigens, and they are taken up 
by antigen-presenting cells (APCs), such as macrophages 
in the stimulation of immunological response (Watarai et 
al., 1998). Oral administration of liposomes containing 
antigen effectively induced immune responses in carp (Irie 
et al., 2003). However, an attempt to develop oral vaccines 
has failed (Marasini et al., 2017).

The current work demonstrated that vaccination with 
liposomes containing KHV and A. hydrophila effectively 
stimulated the production of antibodies specific to both 
antigens, potentially leading to excellent protection against 
both the virus and bacterium. Three mechanisms have 
been identified in fish: humoral antibody response, cell 
mediated immune response, and non-specific defensive 
mechanisms (Bernoth et al., 1997). Furthermore, studies 
have shown that the administration of liposomes may 
effectively stimulate the development of cell-mediated 
immunity (Ninomiya et al., 2002).

Miyazaki and Fujiwara (1988) showed that fish take in 
crude lipids and proteins in the posterior intestine. Since 
this pathway is widespread in juveniles, antigen-containing 
lipid particles are utilized to transfer antigens to the 
posterior intestine and enhance their absorption in the area. 
This would make such particles suitable for the induction 
of immunity (Yasumoto et al., 2006a). Experiments using 
KHV cohabitation with sick fish were used to cause 
infection (Ronen et al., 2003). Orally vaccinated fish were 
immunized and protected from experimental infection, 
resulting in high RPS. This indicated that the efficacy of 
immunization with the liposome vaccine is reproducible, 
especially in fish cohabitation in a good environment. 
However, following these methods, it is unknown exactly 
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how many viruses invade fish. Challenge tests with one 
infected fish and five vaccinated fish revealed that orally 
vaccinated fish were immunized and protected from 
experimental infection. The challenge test and PCR 
findings support the efficiency of oral vaccination with 
KHV liposome vaccine in carp and the importance of 
a healthy environment (high water quality) to prevent 
fish from sickness. Additionally, the attenuated KHV 
vaccine induces immunity in common carp (Ronen et al., 
2003). On the other hand, the live attenuated KHV may 
potentially evolve into the virulent form, but the liposome 
KHV vaccination would never have that danger.

According to another group of researchers, carp may be 
immunized by oral administration of a liposome vaccine 
that contains inactivated Aeromonas hydrophila antigens 
(Yasumoto et al., 2006b). However, the liposomes 
they used in their research had a different molar ratio 
of phospholipids than the liposomes we used in our 
investigation. Furthermore, the amount of antigen used in 
the current study was much lower. Additionally, researchers 
(Siriyappagouder et al., 2014; Nayak et al., 2004) have 
shown that common carp given a biofilm vaccination 
containing Aeromonas hydrophila antigens established 
protection against bacterial infection.

The findings of this study, which was carried out for the first 
time in Iraq, indicate that the two vaccines prepared by the 
liposome method are useful and feasible for immunizing 
fish against infection with Koi herpes virus and bacterial 
infection with Aeromonas hydrophila and encourage the 
start of work in the second stage of the project’s by This 
result enables us to initiate the subsequent phase of our 
research, where in we employ tissue culture of fin cells 
from common carp fish to propagate the Koi herpes virus. 
The objective is to develop a vaccine with a dose containing 
the antigenic standard of 1×102.5 TCID50/dose, aiming to 
achieve a heightened level of immunity compared to the 
outcomes observed in the initial phase. Additionally, we 
aim to combine the two vaccine agents, namely the virus 
and bacterial components, into a single product.

CONCLUSIONS AND 
RECOMMENDATIONS

Conclusion this challenge created liposomal vaccines 
against both Koi herpesvirus (KHV) and Aeromonas 
hydrophila bacteria. Early results show: KHV 
vaccine: Protected fish by 45-62.5%, depending on water 
quality. Aeromonas vaccine:  Protected fish by 67.5-
78.65%. Next recommended steps: Strengthen the KHV 
vaccine for potentially even better protection. However, 
the current study strongly recommended that we should 
employ tissue culture of fin cells from common carp fish to 

propagate the Koi herpes virus. The objective is to develop 
a vaccine with a dose containing the antigenic standard 
of 1×102.5 TCID50/dose, aiming to achieve a heightened 
level of immunity compared to the outcomes observed in 
the initial phase. Additionally, we aim to combine the two 
vaccine agents, namely the virus and bacterial components, 
into a single product. Combine both vaccines into one for 
broader defense. Overall, these liposomal vaccines offer 
promising protection for carp, with further improvements 
on the horizon.
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