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Abstract 

Background: Corona virus disease is challenging in everyday lives because it 

has devastating effects on human health and well-being and negative impact on 

economy. 

Aim: this study was amid to assess of plasma levels of alkaline phosphatase, total 

bilirubin and direct bilirubin among Sudanese patients with COVID 19 at 

Khartoum State. 

Material and methods: this was case control study conducted during the period 

from February to June 2022. fifty patients with covid 19 collected as case group 

compared with fifty healthy individuals as control group. patients and control 

were from Jabra isolation center and Advance Diagnostic Laboratory 

respectively. Blood samples were collected from both groups and serum levels of 

(ALP, total bilirubin and direct bilirubin) were estimated using full automated 

instrument spin react 200. the procedure of biochemical test was performed 

according to manufactured instruction. statistical test was done using SPSS 

version 25. 

Results: this study was showing no significant deference in mean ± SD of serum 

ALP in covid patient (98.6 ± 16.3) U\L versus control (83.7±14.4) U\L with p 

value (0.11). but mean ± SD of serum total and direct bilirubin were significant 

higher in covid patient (2.3±0.35, 0.79±0.73) U\L compared with control 

(0.79±0.23, 0.37±0.19) U\L with p value (0.00, 0.00) respectively. 

There were no significant difference of serum total and direct bilirubin cross 

gender in case group with p value (0.69, 0.25) respectively. in other hand serum 

ALP show significant higher in male compared with female in covid patient with 

p value (0.04). 



There was no association between biochemical parameter (ALP, total bilirubin 

and direct bilirubin) and study variable (age and duration of disease) in study 

group with p value (0.078, 0.56, 0.23), (0.80, 0.82, 0.92) respectively. 

Conclusion: This study concluded that there was increased in the level of total 

and direct bilirubin in case compared with control group. an ALP levels was also 

increased in male compared with female in Sudanese patient with covid-19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 المستخلص

يمثل مرض فيروس كورونا تحدياا في الحياة اليومية لأنه له آثار مدمرة على صحة الإنسان : الخلفية

 .الَّقتصادلى ورفاهيته وتأثيره السلبي ع

في بلًزما  روالبيليروبين الكلي والمباش الفوسفاتيز القلوي انزيم مستويات  تقييملهذه الدراسة تهدف : الهدف

 .سودانيين بولَّية الخرطومال 91بين مرضى كوفيد  الدم

تم جمع خمسين مريضاا . 2222دراسة تم إجراؤها خلًل الفترة من فبراير إلى يونيو الهذه : المواد والطرق

ا كمجموعة ضابطة 91مصاباا بفيروس كوفيد  كان . كمجموعة حالة مقارنة مع خمسين متطوعاا سليما

تم جمع عينات الدم من كلً . ومختبر التشخيص المتقدم على التوالي هعزل جبرالالمرضى من مركز 

في الدم باستخدام ( ، البيليروبين الكلي والمباشرALP)المجموعتين وتم تقدير مستويات إنزيمات الكبد 

جراء تم إ. تم إجراء اختبار الكيمياء الحيوية وفقاا لتعليمات التصنيع. spinالكامل ران التلقائي الدو جهاز

 .SPSSمن برنامج  28اختبار إحصائي باستخدام الإصدار 

±  15.9)كوفيد في مرضي  ALP  مستويات لم تظهر هذه الدراسة أي اختلًف كبير في متوسط: النتائج

مقدار التشتت في مستويات ± لكن متوسط p (2.99 .)بقيمة ( 91.1±  51.8)مقابل مجموعة التحكم ( 99.1

( 2.81±  2.81 ،2.18±  2.1)مرضي كوفيد البيليروبين الكلي والمباشر في الدم كان أعلى معنوياا في 

 .التواليعلى p (2.22، 2.22 )بقيمة ( 2.91±  2.18 ،2.21±  2.81)مجموعة التحكم مقارنة مع 

مرضي المجموعة عبر الجنس في  المباشروالكلي  البيليروبينمستويات لم يكن هناك فرق معنوي في 

 ALP ت مستويات انزيم  أظهر أخرى،من ناحية . على التواليp (2.91، 2.28 )مع قيمة المصابين بكوفيد 

 p (2.21.)كوفيد بقيمة  في مرضي أعلى معنوياا في الذكور مقارنة بالإناث

ومتغير الدراسة ( البيليروبين الكلي والمباشر ،ALP)الكيمياء الحيوية  مستوياتبين لم يكن هناك ارتباط 

p (0.078، 2.89، 2.21)، (2.52، 2.52، 2.12 )في مجموعة الدراسة بقيمة ( عمر ومدة المرضال)

 .على التوالي

ابين في المص البيليروبين الكلي والمباشرهذه الدراسة إلى أن هناك زيادة في مستوى لخصت : لخلاصةا

  .بفيروس كورنا مقارنة مع غير المصابين
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1.Introduction, Rational and Objectives 

1.1 Introduction:   

Corona virus (covid -19) affected more than 500 million confirmed cases 

over six million deaths which have been reported globally by WHO weekly 

statistical report (Ertuglu et al., 2020). 

 Patients with older age and  underlying conditions like diabetes mellites, 

hypertension, lung disease, , however, are at increased risk for the development 

of severe pneumonia, resulting in the acute respiratory distress syndrome (ARDS) 

and multi-organ failure. (Lin et al.,2014) Even though the main health care focus 

lies in the severe pulmonary affections of the disease, it has become evident that 

COVID-19 can affect multiple organ systems including the liver. Being still a 

matter of debate, the etiology of the liver injury in these patients may be 

multifactorial either directly as the ACE2 receptor is expressed in cholangiocytes 

or indirectly as a result of a severe inflammatory response/sepsis, hypoxic or 

drug-induced liver injury. (Morgan, et al.,2020). 

Within the spectrum of liver injury in COVID-19 patients, cholestasis was 

considered to be a rare event. elevations of alkaline phosphatase were reported in 

6.1% (Kulkarni et al.,2020) Bile duct injury in patients with severe COVID-19 

could be a result of hypoxia and severe RDS or potentially by direct infection of 

cholangiocytes. (simon., et al .2021); (Bishop et al.,2008).  

Several studies demonstrated that elevations of liver enzymes are observed in up 

to 50% of the patients. (Huang, et al.,2019).  

 



1.2 Rationale: 

COVID 19 remain a common cause of mortality and morbidity and 

represent a major health problem with heavy social and economic aspect of life 

in Sudan, COVID 19 affect liver and bile duct.  Studying of total bilirubin, direct 

bilirubin and ALP level could provide anew protocol for prevention cholangitis 

and bile duct disease and guide for treatment which may lead to improve 

prognosis of the effected individual. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.3 Objective:  

1.3.1. General objective: 

To Assess plasma levels of ALP, total bilirubin and direct bilirubin among 

Sudanese patients with COVID 19 in Khartoum State. 

1.3.2. Specific objectives: 

1-To measure total bilirubin, direct bilirubin and ALP in study groups. 

2-To compare between total bilirubin, direct bilirubin and ALP in case and 

control group. 

3- To correlate between total bilirubin, direct bilirubin ALP and study variables 

(age and duration of disease).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.Literature Review 

2.1 Covid 19 

2.1.1. Definition of covid 19 

  Corona viruses (CoVs) are a large family of enveloped, positive-strand RNA 

viruses which are globally endemic and account for a substantial fraction of upper 

respiratory tract infections. (Raoult et al., 2020). 

 2.1.2. Genetic Structure and Classification 

Corona viruses (CoVs) are among the causative agents of human respiratory tract 

infections, which are enveloped, single positive-strand RNA viruses belonging to 

the large subfamily Coronavirinae which infect birds and mammals. The viral 

RNA is the largest genome known and it is between 26-32 kilo bases in length. 

There are seven CoVs known to cause human disease, four of them (H CoVs, 

namely Human CoV 229E, NL63 which is novel Covs, OC43, and HKU1; hung 

kung), are known as non- severe acute respiratory syndrome (SARS)-like CoVs 

(Raoult et al., 2020).  

2.1.3. History and Epidemiology of Corona Virus 

  Corona viruses are widespread in humans and several other vertebrates and 

cause respiratory, enteric, hepatic, and neurologic diseases (Jiang et al., 2020). 

Over the past two decades three highly pathogenic, novel zoonotic CoVs have 

emerged, which cause lethal human disease, and have thus generated much media 

hype and public concern: SARS corona-virus (SARS-CoV now named SARS-

CoV-1) discovered in November, the Middle East respiratory syndrome (MERS) 

corona virus (MERS-CoV) in June, 2012 and SARS-CoV-2, initially named 

2019-nCoV when it was identified in December 2019 after sequencing of clinical 

samples from a cluster of patients with pneumonia in Wuhan, China and the 

disease caused by SARS-CoV-2 is named Coronavirus Diseases-2019 (COVID-

19) (Raoult et al., 2020). 



 In December 31, 2019, hospitals reported a cluster of cases with pneumonia of 

unknown cause in Wuhan, Hubei, China, attracting great attention nationally and 

worldwide, On January 1, 2020, Wuhan public health authorities shut down the 

Huanan Seafood Wholesale Market, where wild and live animals were sold, due 

to a suspected link with the outbreak, On January 7, 2020, researchers rapidly 

isolated a novel corona virus (SARS-CoV-2, also referred to as 2019-nCoV) from 

confirmed infected pneumonia patients. Real-time reverse transcription 

polymerase chain reaction (RT-PCR) and next-generation sequencing were used 

to characterize it, On January 23, 2020, owing to the large flow of people during 

the Chinese Spring Festival, public transport was suspended in Wuhan and, 

eventually, in all the cities in Hubei Province to reduce the risk of further 

transmission. The number of RT-PCR–confirmed cases has increased rapidly. On 

January 30, 2020, the World Health Organization (WHO) declared COVID-19 

(as it would be officially known as of February 11) to be a Public Health 

Emergency of International Concern and declared an epidemic. As of February 

24, 2020, 80,239 cases were confirmed worldwide causing 2700 deaths. 

Mainland China, and especially Hubei Province, has borne the brunt of the 

epidemic, reporting 77,780 cases. Outside of mainland China, 33 countries have 

reported 2549 confirmed infections and 34 fatalities (Jiang et al., 2020).  

2.1.4. Distribution of COVID-19 in Sudan 

 Sudan is the second largest country in Africa, with a total population of 43 849 

260, located in the northeastern part of Africa, neighbored by countries with a 

high number of COVID-19 cases, such as Egypt and the Gulf Arab countries, 

COVID-19 has been reported in Sudan since 13 March 2020, and up to 3 July 

2020 there had been 9894 confirmed cases and 616 deaths, with a 6.6% case 

fatality rate. The highest number of confirmed cases appeared in the Khartoum 

State (7214), followed by Gazira (955), Gadarif (250), Sinnar (195), North 

Kordufan (183), Red Sea (182) and River Nile (202), About 35% of confirmed 

cases were over 45 years old, and this age group showed the highest mortality 



rate (6%) and the majority were in men (58%). The highest number of mortalities 

occurred in Khartoum (273), followed by Gazira (146), North Darfur (45), 

Gadarif (22) and Red Sea (38) (Altayb et al., 2020).  

2.1.5. Transmission of Covid 19  

SARS-CoV-2 is transmitted between humans through both direct (droplet and 

human-to-human transmission) and indirect (contaminated objects and airborne 

contagion) contacts from both symptomatic and asymptomatic patients (Bal et 

al., 2020). Many domestic and wild animals, including camels, cattle, cats, and 

bats, may serve as hosts for coronaviruses. It is considered that, generally, animal 

coronaviruses do not spread among humans. However, there are exceptions, such 

as SARS and MERS (Middle East Respiratory Syndrome), which are mainly 

spread though close contact with infected people via respiratory droplets from 

cough or sneezing. With regard to COVID-19, early patients were reported to 

have some link to the Huanan Seafood Market in Wuhan, China, suggesting that 

these early infections were due to animal-to-person transmission. However, later 

cases were reported among medical staff and others with no history of exposure 

to that market or visiting Wuhan, which was taken as an indication of human-to-

human transmission (Adhikari et al., 2020).  

2.1.6 Incubation period of COVID-19 

The incubation period for COVID-19 is limited, An early analysis based on 88 

confirmed cases in Chinese provinces outside Wuhan, using data on known travel 

to and from Wuhan to estimate the exposure interval, indicated a mean incubation 

period of 6.4 days with a range of 2.1 to 11.1 days and another analysis based on 

158 confirmed cases outside Wuhan estimated a median incubation period of 5.0 

days with a range of 2 to 14 days and these estimates are generally consistent with 

estimates from 10 confirmed cases in China (mean incubation period, 5.2 days) 

and from clinical reports of a familial cluster of COVID-19 in which symptom 

onset occurred 3 to 6 days after assumed exposure in Wuhan. These estimates of 

the incubation period of SARSCoV-2 are also in line with those of other known 



human corona viruses, including SARS (mean, +5 days with range 2 to 14 days), 

MERS (mean, 5 to 7 days with range 2 to 14 days), and non-SARS human corona 

virus (mean, 3 days with range 2 to 5 days) (Lauer et al., 2020).  

2.1.7. Viral Entry and Replication of Covid 19 

The crucial step in the life cycle of any virus is an attachment and subsequent 

penetration into the host cell. It has been proven beyond doubt that the attachment 

of SARS-CoV-2 is achieved by an interaction between the spike surface 

glycoprotein S and angiotensin-converting enzyme 2 (ACE-2), a membrane 

carboxypeptidase that is ubiquitously distributed in a variety of human tissues. 

There are other possible receptors that are essential for the viral entry such as CD-

147, glucose-regulated protein-78, the protease furin and serine protease 

TMPRSS2 are (Bal et al., 2020).  

A critical proteolytic cleavage event occurred at SARS-CoV S protein at position 

(S2′) mediated the fusion and viral infectivity. Besides membrane fusion, the 

clathrin-dependent and independent endocytosis mediated SARS-CoVs entry too. 

After the virus enters the cells, the viral RNA genome is released into the 

cytoplasm and translated into two polyproteins and structural proteins, after 

which the viral genome begins to replicate. The newly formed envelope 

glycoproteins are inserted into the membrane of the endoplasmic reticulum or 

Golgi, and the nucleocapsid is formed by the combination of genomic RNA and 

nucleocapsid protein. Then, viral particles germinate into the endoplasmic 

reticulum-Golgi intermediate compartment (ERGIC). At last, the vesicles 

containing the virus particles then fuse with the plasma membrane to release the 

virus (Li et al., 2020). 

2.1.8. Pathogenesis of COVID-19  

Coronavirus infection is typically limited to the mucosal cells of the respiratory 

tract. Pneumonia caused by SARS coronavirus is characterized by diffuse edema 

resulting in hypoxia. The binding of the virus to angiotensin-converting enzyme-



2(ACE-2) on the surface of respiratory tract epithelium may contribute to the 

dysregulation of fluid balance that causes the edema in the alveolar space 

(Levison, 2014). The report shows that the ARDS is the main cause of death by 

COVID-19. One of the main mechanisms for ARDS is the cytokine storm which 

is a deadly uncontrolled systemic inflammatory response resulting from the 

release of large amounts of pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-

6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, 

CCL5, CXCL8, CXCL9, CXCL10, etc.) by immune effector cells. This cytokine 

storm will trigger a violent attack by the immune system to the body, cause ARDS 

and multiple organ failure, and finally lead to death in severe cases (Li et al, 

2020).  

2.1.9 Complications of COVID-19  

Age and sex have been shown to affect the severity of complications of COVID-

19 and the rates of hospitalization and death are less than 0.1% in children but 

increase to 10% or more in older patients and men are more likely to develop 

severe complications compared to women as a consequence of SARS-CoV-2 

infection and also patients with cancer and solid organ transplant recipients are at 

increased risk of severe COVID-19 complications because of their 

immunosuppressed status and the main complications reported in patients with 

SARSCoV-2 may include: coagulopathy, mainly disseminated intravascular 

coagulation, venous thromboembolism, elevated D-dimer and prolonged 

prothrombin time, and also include Laryngeal edema and laryngitis, Necrotizing 

pneumonia, cardiovascular complications, (including acute pericarditis, left 

ventricular dysfunction, acute myocardial injury). Also, the complication 

includes acute respiratory failure in approximately 5% of COVID-19, Sepsis, 

septic shock and multiple organ failure, higher risk of death particularly in male 

patients with severe disease and presence of heart injury and cardiac 

complications, hyperglycemia and patients receiving high doses of 

corticosteroids, and lastly the COVID complication include Ventilation 



associated pneumonia in up to 30% of patients requiring intensive mechanical 

ventilation (Azer, 2020).   

2.1.10 Diagnosis of covid 19  

The real time reverse transcription–polymerase chain reaction (Real time RT-

PCR) is one of the best and accurate laboratory methods for detecting, tracking, 

and studying the coronavirus. It is a method by which we can detect the presence 

of specific target genetic material. The real-time RT-PCR minimized the chance 

of false positive results because the amplification and analysis carried out in a 

closed system (Sethuraman et al., 2020). Coronaviruses have a number of 

molecular targets within their positive-sense, single-stranded RNA genome that 

can be used for PCR assays. These include genes encoding structural proteins; 

such as helicase (Hel), nucleocapsid (N), transmembrane (M), envelope (E) and 

envelope glycoproteins spike (S). There are also species-specific accessory genes 

that are required for viral replication, these include hemagglutinin esterase, open 

reading frames OR F1a and ORF1b and RNA-dependent RNA polymerase (Tang 

et al., 2020). 

 During infection, several types of antibodies are raised to the virus. IgM 

antibodies emerge first, after 5 days post-symptom onset. IgG antibodies are more 

tailored, and typically emerge after 10 days post-symptom onset. Many serology 

tests detect both IgG and IgM, which increases the specificity of the test. IgA 

antibodies may also increase during infection, and are typically found in mucous 

(Johns Hopkins, 2020).  

The presence of antibodies only indicates previous SARS-CoV-2 infection. The 

results of serology tests can then be used to estimate the true spread of the virus 

through a population, even if individuals were asymptomatic or were never 

diagnosed (Johns Hopkins, 2020).  

In real time –PCR assay the viral RNA is measured by the cycle threshold (Ct), 

which is defined as the number of cycles required for the fluorescent signal to 

cross the threshold and becomes detectable. The interpretation of result in real 



time-PCR is based on Ct values for specimen; a value less than 40 is clinically 

reported as PCR positive. RT-PCR is highly specific but false negative result may 

also occur due to sampling error or inappropriate timing of sampling (Sethuraman 

et al., 2020). 

2.1.11 Treatment of COVID-19 

 Just like SARS-CoV and MERS-CoV, there is currently no clinically proven 

specific antiviral agent available for SARS-CoV-2 infection. The supportive 

treatment, including oxygen therapy, conservation fluid management, and the use 

of broad-spectrum antibiotics to cover secondary bacterial infection, remains to 

be the most important management strategy, also rapid and early laboratory 

diagnosis of COVID-19 is the main focus of treatment and control (Li et al., 

2020). 

2.1.12 Prognosis of COVID-19  

 The elderly and patients with underlying diseases are more likely to experience 

a severe progression of COVID‐ 19. It is recommended that timely antiviral 

treatment should be initiated to slow the disease progression and improve the 

prognosis (Wu et al., 2020). Rapid blood tests, including platelet count, 

prothrombin time, D-dimer, and neutrophil to lymphocyte ratio can help 

clinicians to assess severity and prognosis of patients with COVID-19. The 

sepsis-induced coagulopathy scoring system can be used for early assessment and 

management of patients with critical disease (Liao et al., 2020).  

2.1.13 Prevention of COVID-19 

For the general population, at this moment there is no vaccine preventing 

COVID-19. The best prevention is to avoid being exposed to the virus. Airborne 

precautions and other protective measures have been discussed and proposed for 

prevention. Infection preventive and control measures that may reduce the risk of 

exposure include the following: use of face masks; covering coughs and sneezes 

with tissues that are then safely disposed of (or, if no tissues are available, use a 



flexed elbow to cover the cough or sneeze); regular hand washing with soap or 

disinfection with hand sanitizer containing at least 60% alcohol (if soap and water 

are not available); avoidance of contact with infected people and maintaining an 

appropriate distance as much as possible; and refraining from touching eyes, 

nose, and mouth with unwashed hands(Adhikari et al.,2020). 

2.2 Alkaline Phosphatases 

Alkaline phosphatases are plasma membrane-bound glycoproteins. These 

enzymes are widely distributed in nature, including prokaryotes and higher 

eukaryotes, with the exception of some higher plants. Alkaline phosphatase forms 

a large family of dimeric enzymes, usually confined to the cell surface hydrolyzes 

various monophosphate esters at a high pH optimum with release of inorganic 

phosphate (Sadeghirishi and Yazdanparast, 2007).  

 Mammalian alkaline phosphatases (ALPs) are zinc containing metalloenzymes 

encoded by a multigene family and function as dimeric molecules. Three metal 

ions including two Zn2+ and one Mg2+ in the active site are essential for enzymatic 

activity. However, these metal ions also contribute substantially to the 

conformation of the ALP monomer and indirectly regulate subunit–subunit 

interactions (Sharma et al., 2012). 

2.2.1 Isoforms of Alkaline Phosphatase and Their Distribution 

Human ALPs can be classified into at least four tissue specific forms or isozyme 

as placental alkaline phosphatase (PLALP or Regan isozyme), Intestinal alkaline 

phosphatase (IALP), liver/bone/kidney alkaline phosphatase (L/B/K ALP), germ 

cell ALP (GCALP or NAGAO isozyme) (Llinas et al., 2006).  

2.2.1.1 Placental Alkaline Phosphatase: The human placental ALP gene was 

mapped to chromosome 2. A homology of 87 % is found with the IAP gene. 

Placental ALP is a heat stable enzyme present at high levels in the placenta. A 

trace amount of this isoenzyme can be detected in normal sera. Part of the serum 



placental-type activity originates from neutrophils. The placental ALP gene can 

be re-expressed by cancer cells as the Regan isoenzyme (Llinas et al., 2006).  

2.2.1.2 Intestinal Alkaline Phosphatase: The gene encoding for intestinal ALP 

(IAP) is a member of the gene family mapping to the long arm of chromosome 2. 

IAP is partially heat-stable isozyme present at high levels in intestinal tissue. This 

embryonic gene can be reexpressed (in a modified form) by cancer cells and is 

designated as Kasahara isoenzyme (Llinas et al., 2006). 

2.2.1.3 Germ Cell Alkaline Phosphatase: The gene encoding for germ-cell ALP 

(GCAP, placental like ALP) was also mapped to chromosome 2. It is heat-stable 

isozyme present at low levels in germ cells embryonal and some neoplastic 

tissues. It encodes testis/thymus ALP and can be expressed in the placenta at low 

levels (Llinas et al., 2006).  

2.2.1.4 Liver/Bone/Kidney Alkaline Phosphatase: The heat-labile isozyme 

represents the liver/bone/kidney or tissue nonspecific (TNSALP) form. It is 

expressed in many tissues throughout the body and is especially abundant in 

hepatic, skeletal, and renal tissue (Llinas et al., 2006). 

2.2.2 Physiological Functions of ALP 

Since its first description by Suzuki and colleagues in 1907, alkaline phosphatase 

(ALP) has been investigated continuously and extensively. But little is known 

regarding the physiological function of ALPs in most tissues except that the bone 

isoenzyme has long been thought to have a role in normal skeletal mineralization. 

The natural substrates for TNSALP appear to include at least three phosphor 

compounds: phosphoethanolamine, inorganic pyrophosphate, and pyridoxal-50-

phosphate, as evidenced by increased plasma and/or urinary levels of each in 

subjects with hypophosphatasia, but this is uncertain. Indeed, a variety of 

mechanisms have been proposed to explain the role of ALP in bone 

mineralization. However, apart from its role in normal bone mineralization, the 



other functions of L/B/K remain obscure both in physiological and neoplastic 

conditions (Whyte MP, 2010; Zhu et al., 2012). 

2.2.3 Clinical Application of ALP  

Abnormal results may be due to the following conditions:  Higher-than-normal 

ALP levels:  Biliary obstruction, Bone conditions, Osteoblastic bone tumors, 

osteomalacia, a fracture that is healing, Liver disease or hepatitis, eating a fatty 

meal, if you have blood type O or B, Hyperparathyroidism, Leukemia, 

Lymphoma, Paget's disease, Rickets, Sarcoidosis.   Lower-than-normal ALP 

levels: Hypophosphatasia, Malnutrition, Protein deficiency and Wilson's disease 

(Mehta et al., 2020).  

2.3 Bilirubin 

Bilirubin is an endogenous compound that can be toxic under certain conditions 

but, on the other hand, mild unconjugated hyperbilirubinemia might protect 

against cardiovascular diseases and tumor development. Serum bilirubin levels 

are often enhanced under a variety of clinical conditions (Johan Fevery, 2008). 

2.3.1 Chemical Structure and formation of bilirubin 

Bilirubin is formed from haem by opening of the haem ring at a carbon bridge. 

This cleavage is catalyzed by the enzyme haem-oxygenase, and results in 

liberation of iron, and in the formation of carbon monoxide and biliverdin IXa. 

The latter is reduced by a cytosolic enzyme biliverdin reductase to bilirubin IXa. 

The haem-oxygenase can temporarily be inhibited by mesoporphyrins, and this 

suppression results in a decreased Urinary Conjugated Bilirubin production as 

was shown in neonates (Drummond, Kappas, 2014).  

2.3.2 Bilirubin metabolism under normal conditions  

Bilirubin derives from haem present in hemoglobin and is released during 

breakdown of senescent erythrocytes, whereas approximately 20% of the daily 

production is derived from haem proteins such as the cytochrome P 450 

isoenzymes, myoglobin, etc. It is formed in the monocytic macrophages of the 



spleen and bone marrow and in hepatic Kupffer cells, and is released in plasma. 

Per 24h 3.8mg/kg or approximately 250–300mg bilirubin is formed in a normal 

adult (Berk et al., 2009).  

Because Urinary conjugated bilirubin is extremely poorly soluble in water, it is 

present in plasma strongly bound to albumin. Entry into the hepatocyte appears 

to be partly passive and partly mediated by organic anion transporter proteins 

(OATP 1B1 has the highest binding affinity). Bilirubin is conjugated in 

hepatocytic microsomes in an ester linkage with sugar moieties donated by 

uridine diphosphate (UDP) sugars. The conjugation is catalysed by UDP 

glucuroniltransferase (UDP-GT), an enzyme encoded for by the UGT1A1 gene 

(Bosma et al., 2014).  

The bilirubin conjugates formed in the hepatocytes are excreted in bile against a 

concentration gradient and mediated by the canalicular membrane transporter 

multidrug resistance-related protein 2 (MRP2) also termed ABC-C2, belonging 

to the adenosine triphosphate (ATP)-binding cassette family. The conjugates are 

incorporated into mixed micelles (with bile acids, phospholipids and cholesterol) 

and pass with the bile into the intestine, where reductive breakdown into 

urobilinogen’s occurs by intestinal or bacterial enzymes. A minor part undergoes 

deconjugation mainly by bacterial enzymes, and the ensuing UCB can undergo 

intestinal re-absorption, in contrast to CB (Jansen et al., 2012). 

2.3.3 Types of bilirubin 

 The classification of bilirubin into direct and indirect bilirubin is based on the 

original Van der Bergh method of measuring bilirubin.  

2.3.3.1 Total bilirubin: this is measured as the amount which reacts in 30 

minutes after addition of alcohol. Normal range is 0.2-0.9 mg/dl (2-15μmol/L).  

2.3.3.2 Direct Bilirubin: This is the water-soluble fraction. This is measured by 

the reaction with diazotized sulfanilic acid in 1 minute and Normal range 

0.3mg/dl (5.1μmol/ L)  



2.3.3.3 Indirect bilirubin: this fraction is calculated by difference of the total 

and direct bilirubin and is measure of unconjugated fraction of bilirubin (Johan 

Fevery, 2008).  

 

2.3.4 Diagnostic value of bilirubin level  

Bilirubin in body is a careful balance between productions and removal of the 

pigment. Hyperbilirubinemia is a good indicator of reduced hepatic excretory 

function. Serum bilirubin levels more than 17μmol/L suggest underlying liver 

disease. Increased unconjugated bilirubin: results from over production/ impaired 

uptake or conjugation of the pigment. While increased conjugated bilirubin 

implies impaired intra hepatic excretion of conjugated bilirubin from hepatocytes 

to bile ducts or bile obstruction as in surgical or obstructive jaundice (Johan 

Fevery, 2008).   

2.4 Previous Studies  

In a retrospective comparative study conducted by (Muhammad et al., 2020) 

aimed to evaluate Derangements of Liver Enzymes in Covid-19 Positive Patients 

of Pakistan. Out of the 77 patients, 55 were admitted in the ward, 22 were in ICU, 

61 of them recovered, while 16 deaths reported. The result of study showed that 

the most deranged liver enzyme was found out to be and Alkaline phosphatase 

(14.28%). Total bilirubin was deranged in only 10 patients, however, direct 

bilirubin was above the normal range in 33 patients, while indirect component in 

only 4 patients. 

In a cross-sectional study conducted by (Omrani-Nava et al., 2020) to evaluate 

the liver enzyme changes in COVID-19 patients and any possible association with 

prognosis. The study enrolled 93 patients with COVID-19 referring to the 

Mazandaran University of Medical Sciences’ hospitals and 186 people from the 

normal population of Tabari Cohort. They found that the counts of ALP 

(192.6±91.2 vs. 222.2±70.6 U/L, P = 0.004) were higher in patients than in 

controls. The most common hepatic impairment events were increased direct 



bilirubin (45.8%), ALP (17%), and total bilirubin (10.2%), in sequence. The risk 

of transfer to intensive and critical care units was strongly associated with 

elevated levels of direct bilirubin. 

Another study conducted by (Abhishek Kumar et al., 2020) To analyses the liver 

function in patients with COVID-19 and their association with respect to age, sex, 

severity of disease and clinical features. 91 patients admitted with confirmed 

SARS-CoV-2 infection were included in this study and divided into 

asymptomatic, mild, moderate and severe groups. Liver function tests were 

compared among different severity groups. They found that of 91 patients with 

COVID-19, 70 (76.9%) had abnormal liver function. alkaline phosphatase (ALP), 

total bilirubin levels was 12(13.2%), 6(6.6%) cases and >2, 7(7.7%) and 2 (2.2%) 

cases respectively.  

Also, in study by (Ram Krishan et al., 2020) to study COVID-19 associated 

variations in liver function parameters in a retrospective study. They analyzed 

liver function tests and inflammatory markers of170 admitted patients with 

confirmed COVID-19 in the tertiary care center, Post Graduate Institute of 

Medical Education and Research (PGIMER), India, using Roche Cobas 

Autoanalyzer. The study found that number of patients with normal liver enzyme 

levels were 63 (41.5%), while with raised levels of any of the liver enzymes were 

89 (58.5%), out of which 43 (48.31%) had liver injury which manifested as 

increased severity in terms of intensive care unit (ICU) requirement (p=0.0005). 

Significantly raised levels of liver enzymes and liver injury were observed with 

age (p<0.0001) and in males (p=0.004). Significantly increased levels of total 

bilirubin (p<0.0001) were seen in patients with abnormal liver enzyme levels and 

liver injury as compared to patients with normal levels.  

Further study by (Mcgrowder et al., 2021) to identify liver complications in 

COVID-19 patients and closely monitor the liver biochemistry tests in the 

management of acute hepatic injury in COVID-19 patients. A systematic search 

was conducted by the reviewers to identify all the relevant studies on the different 



causes of liver impairment in COVID-19 patients published from 1 January 2020 

to 30 April 2021. They conclude that Liver biochemistry tests such as aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl 

transferase (GGT) and alkaline phosphatase (ALP) are deranged in COVID-19 

patients with liver injury. Hepatocellular damage results in the elevation of serum 

AST and ALT levels in early onset disease while a cholestatic pattern that 

develops as the disease progress causes higher levels of ALP, GGT, direct and 

total bilirubin. These liver biochemistry tests are prognostic markers of disease 

severity and should be carefully monitored in COVID-19 patients.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.Materials and Methods 

3.1. Martials 

3.1.1. Study approach:  

A Quantitively method was used to measure the level of ALP, total and direct 

bilirubin   in Covid 19 Sudanese patents during February to June 2022. 

3.1.2. Study design: 

 This is case control study design. 

3.1.3. Study population and sample size: 

 The study included 50 patents with Covid 19 infected from (2-14) days and 50 

healthy individuals as control group. 

3.1.4. Study area: 

The study was conducted in Khartoum state. 

3.1.5. Inclusion criteria: 

Sudanese patients with Covid 19 infection and healthy individual serve as control. 

3.1.6. Exclusion criteria: 

Patients with hepatitis A, B, C, liver cancer, cirrhosis, ascites, jaundice, fatty 

liver, pancreatic disease, gall stone, biliary disease or any other liver disease, 

alcoholism and medication that increase ALP level were excluded. 

3.1.7. Study duration: 

This study was conducted during period from February 2022 to June 2022. 

 

 

3.1.8 Ethical consideration: 

Verbal consent was taken regarding acceptance to participate in the study and 

reassurance of confidentiality. Before the specimen was collected, the donors 

knew that this specimen was collected for research purpose. 



3.2. Methods  

3.2.1 Sample collection and processing: 

About 3ml of venous blood were collected by safe aseptic procedure. plasma is 

used for the assay of ALP and total and direct bilirubin; the volume of sample is 

recommended that at least 2.5ml of whole blood is collected. In plasma sample; 

blood should centrifugated 3000 R\min for 5 minutes. After, that the plasma 

separated. plasma sample should be stored frozen below -20C. Sample should be 

thawed and mixed before assay. 

3.2.2. Estimation of total bilirubin: 

3.2.2.1. principle of total bilirubin: 

 This is an in vitro test for the quantitative determination of total bilirubin in 

human serum and plasma of adults and neonates on spin react systems.  

Diazo method (special)  

Total bilirubin, in the presence of a suitable solubilizing agent, is coupled with a 

3.5 dichlorophenyl diazonium ion in a strongly acidic medium.  

The intensity of the color of the red azo dye produced is directly proportional to 

the total bilirubin concentration and can be measured photometrically. 

 3.2.2.2. procedure of total bilirubin: appendix II.  

 

 

 

 

3.2.3. Estimation of direct bilirubin: 

3.2.3.1. Principle of direct bilirubin:  

Acidified sodium nitrite produces nitrous acid, which reacts with sulfanilic acid 

(in acidic solution) to form a diazonium salt. The diazotized sulfanilic acid then 

reacts with bilirubin to form isomers of azobilirubin. In the direct bilirubin assay, 

only conjugated bilirubin is converted by the diazotized sulfanilic acid. The 



intensity of the red color of azobilirubin is measured photometrically and is 

proportional to the direct (conjugated) bilirubin concentration. 

3.2.3.2. procedure of direct bilirubin: appendix III  

3.2.4. Estimation of alkaline phosphate (ALP): 

 3.2.4.1. Principle of ALP:  

The spin react provides a colorimetric assay in accordance with a standardized 

method.  

In the presence of magnesium and zinc ions, p-nitrophenyl phosphate is cleaved 

by phosphatases into phosphate and p-nitrophenol.  

p-nitrophenyl phosphate + H2O → phosphate + p-nitrophenol  

The p-nitrophenol released is directly proportional to the catalytic ALP activity. 

It is determined by measuring the increase in absorbance.  

3.2.4.2. procedure of ALP: appendix IIII  

3.3. Quality control: 

The precision and accuracy of all method used in this study were checked by 

commercially prepared control sample before it is application for measurement 

of the test control samples. 

3.4. Data analysis: 

Collected data were analyzed by using statistical package of social sciences 

(SPSS) T test and Pearson correlation were used.  

 

 

 

 

 

 

 

 



Results  

4. Results: 

The present study involved 100 individuals aged range (24-82) years old divided 

in two group 50 patents with Covid 19 as case group and 50 healthy individuals 

as control group.  

(Table 1) illustrate age and duration of disease, this individual age ranged 

between (24-108) and duration of disease (4-13 days).     

(Table 2) show Comparison means level of ALP, total and direct bilirubin 

between case and control, result show comparison of mean ± Sd in (ALP) in case 

versus control the result showed no significant deference between two group 

(98.6±16.3), (83.7±14.4) in case compared with control with p value (0.11). In 

other hand a mean ± Sd of serum total and direct bilirubin showed significant 

increase in case compared with control (2.3±0.35, 0.79±0.73), (0.79±0.23, 

0.37±0.19) with p value (0.00, 0.00) respectively.  

(Table 3) show comparison of mean levels of ALP, total and direct bilirubin in 

case group cross gender, there is significant increase in ALP level in male 

compared with female in Covid patent (112±9.4, 81.6±4.5) with p value (0.04). 

but there is no significant deference between male and female infected in total 

and direct bilirubin (2.1±0.9, 2.2±1.1), (0.7±0.2, 0.6±0.2) with p value (0.69, 

0.25). 

(Figure 1) correlation between ALP and age in case group, the study shows that 

no correlation between ALP and age with p value (0.07) and R value (0.175).  

(Figure 2) correlation between total Bilirubin and age in case group show no 

correlation between total bilirubin and age with p value (0.55) and R value (0.05).  

(Figure 3) correlation between direct Bilirubin and age in case group. show no 

correlation between direct bilirubin and age with p value (0.22) R value (0.12). 



Figure 4: correlation between ALP and duration of disease in case group, there 

was no correlation between ALP and duration of disease with p value (0.158) and 

R value (0.041).   

Figure 5: correlation between total bilirubin and duration of disease in case group, 

there was no correlation between total bilirubin and duration of disease with p 

value (0.821) and R value (0.333). 

Figure 6: correlation between direct bilirubin and duration of disease in case 

group, there was no correlation between direct bilirubin and duration of disease 

with p value (0.918) and R value (0.150). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Table (3.1): Descriptive Statistics of Demographic Data 

 

Variable 

N Minimum maximum Mean  STD 

deviation  

Age (year). 100 24  82  61.7  11.5 

Duration of 

COVID 19 

(days).   

50 4  13  9.2  2.1 

 

Table (3.2): Comparison means level of ALP, total and direct bilirubin 

between case and control. 

 Case group(N=50) Control group (N=51) P value  

Parameter  Mean Sd  Mean  Sd  

ALP (U\L) 98.6 ± 16.3 83.7 ± 14.4 0.11 

Total bilirubin  2.3 ± 0.35 0.79 ± 0.23 0.0 

Direct bilirubin  0.79 ± 0.24 0.37 ± 0.19 0.0 

Table (3.3): Comparison means level of ALP, total and direct bilirubin 

cross gender in COVID 19 group. 

Parameters Male (N= 31) Female (N= 25) P value 

Mean SD Mean SD 

ALP 112.3 ± 9.4 81.6 ± 4.5 0.049 

Total Bilirubin 2.09 ± 0.90  2.21 ± 1.15 0.69 

Direct 

bilirubin 

0.78 ± 0.28 0.69 ± 0.26 0.25 

 



Figure 1: correlation between ALP and age in case group. 

P value (0.07) R value (0.175). 

Figure 2: correlation between total Bilirubin and age in case group. 

P value (0.55) R value (0.05). 

 



 

Figure 3: correlation between direct bilirubin and age in case group 

P value (0.22) R value (0.12) 

Figure 4: correlation between ALP and duration of disease in case group 

P value (0.158) R value (0.041) 



Figure 5: correlation between total bilirubin and duration of disease in case 

group. 

P value (0.821) R value (0.333). 

Figure 6: correlation between direct bilirubin and duration of disease in 

case group 

P value (0.918) R (0.150) 

 



5. Discussion, Conclusion and Recommendation 

5.1 Discussion  

COVID-19 can affect multiple organ systems including the liver, cause liver 

injury and severe inflammatory. (Morgan et al.,2020). 

The study comprises 50 hospitalize patient with Covid 19 in Japura isolation 

center in Sudan and 50 healthy individuals as control group, aged 24 -82 years 

old. The study aimed to evaluate of plasma ALP, total bilirubin and direct 

bilirubin among these participants. 

The study showed there was insignificant different in mean of ALP in case 

compared to control group with p value (0.11). This result similar to another result 

carried out by (Rundk: et al. 2021). ACE-2 receptors is located on liver cell and 

is target for SARS Covs could be a reason that facilities the entry of Covs in to 

liver cell, moreover it has been showing that ACE bind easily to spike protein of 

SARS covs (Pirola and Sookoian, 2020). The other previous study demonstrate 

ACE is abundantly secreted by biliary epithelial cell but the abnormality is less 

common in ALP.  

There was significant increase in mean of total and direct bilirubin in case 

compared to control group with p value = (0.00, 0.00).  This result similar to 

another result which showed there were significant increase in mean of total and 

direct bilirubin (Dehange. et al, 2020), this may be due to ACE 2 receptor 

expression is enriched in cholengiocyte, so infection with SARS covs can injure 

cholengiocyte and cause cholestasis. Also, during the course, the patients has 

been treated with antipyretic agent and antiviral drugs. Including acetaminophen, 

oseltamivir, abidol or lopinavir, which may injure bile duct and cause cholestasis. 

and there may more potentially causes of bile duct obstruction, such as clotting 

effect SARS-covs and this need further investigation (Dehange. et al, 2020). 



Also, this study shows there was significant increase in ALP level in male 

compared with female with P value (0.04), which is similar to another result done 

by (Rundk et al., 2021) which finding confirmed that; the higher incidence of 

COVID-19 in men more than women, and this could attribute to the hormonal 

difference. Testosterone which is known to suppress immune by increase ACE -

2 receptor expression in chlengiocyte while estrogens is known to promote 

immune system by suppress ACE-2 expression. (Xing et al.,2021). But there was 

no significant deference between male and female in total and direct bilirubin this 

result regard to another result done by Dehange. et al, 2020).      

The study shows that no correlation between ALP, total, direct bilirubin and (age 

and duration of disease) with p value (0.070.55,0.22), (0.158, 0.821,0.918) and R 

value (0.176, 0.05, 0.12), (0.203, 0.033, 0.15) respectively.  This result regard to 

(Abhishek Kumar et al., 2020) due low sample size. 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.2 Conclusion: 

This study concluded that, there are increased in the level of total and direct 

bilirubin. an ALP levels also there is increased in male compared with female in 

Sudanese patients with COVID -19. 

 

5.3 Recommendations  

 ALP, total and direct bilirubin should be monitoring as routine 

investigation on covid -19 patients to avoid cholestasis and disease 

severity.  

  Further study recommended with large sample size. 

 Further studies should be conducted investigate other liver function test 

(Gama glutamyl transferase GGT) to asses effect of COVID upon biliary 

disease.  

 

 

 

 

 

 

 

 

 

 



References  

 

Abhishek, K., Piyush, K., Ajit, D., Anitesh, K. G., Aditya, A., Abhinav, K. 

(2020). Pattern of liver function and clinical profile in COVID-19: A cross 

sectional study of 91 patients. Diabetes & Metabolic Syndrome: Clinical 

Research & Reviews.; 14: 1951_1954.  

Adhikari, S.P., Meng, S., Wu, Y.J., Mao, Y.P., Ye, R.X., Wang, Q.Z. (2020). 

Epidemiology, causes, clinical manifestation and diagnosis, prevention 

and control of coronavirus disease (COVID-19) during the early outbreak 

period: a scoping review. Infectious diseases of poverty.; 9(1):1-12.  

Altayb, HN., Altayeb, N.M.E., Hamadalnil, Y., Elsayid, M., Mahmoud, N.E. 

(2020). The current situation of COVID-19 in Sudan. New Microbes and 

New Infections.; 37:100746.  

Azer, S. A. (2020). COVID-19: pathophysiology, diagnosis, complications and 

investigational therapeutics. New Microbes and New Infections. ;37: 

100738  

Bal, A., Agrawal, R., Vaideeswar, P., Arava, S., Jain, A. (2020). COVID-19: An 

up-to-date review–from morphology to pathogenesis. Indian Journal of 

Pathology and Microbiology.; 63(3): .358. 

Berk, PD., Howe, RB., Bloomer, JR., Berlin, NI. (2009). Studies of bilirubin 

kinetics in normal adults. J Clin Invest; 48: 2176–90.  

Bosma, PJ., Seppen, J., Goldhoorn, B. (2014). Bilirubin UDP 

glucuronosyltransferase 1 is the only relevant bilirubin glucuronidation 

isoform in man. J Biol Chem; 269: 17960–4. 

Cevik, M., Kuppalli, K., Kindrachuk, J., Peiris, M. (2020). Virology, 

transmission, and pathogenesis of SARS-CoV-2. Clinical Update. 2020: 

371. 



Dehange, H., Qing fang, Xinxiang. (2020). SARS covs was found in the bile 

juice from patent with severe COVID 19: journal of medical virology, 93 

(1): 102-104. 

Drummond, GS., Kappas, A. (2014). Chemoprevention of severe neonatal 

hyperbilirubinemia. Semin Perinatal; 28: 365–8. 

Ertuglu, L., kanby, A., Afsar, B., Elsure Afser, R., & Kanby, M. (2020). COVID 

19 and acute kidney injury. Tuberkulozve Torak – tuberculosis and thorax, 

;68(4). 

Huang, C., Wang, Y., Li X.  (2020). Clinical features of patients infected with 

(2019) novel coronavirus in Wuhan China. Lancet. ;395(10223):497-506. 

Jansen, PL., Strautnieks, S., Jacquemin, E. (2012). Hepatocanalicular bile salt 

export pump deficiency in patients with progressive familial intrahepatic 

cholestasis. Gastroenterology 117: 1370–9. 

Jiang, F., Deng, L., Zhang, L., Cai, Y., Cheung, C. M., Xia. Z. (2020). Review 

of the Clinical Characteristics of Coronavirus Disease 2019 (COVID-19). 

Journal of General Internal Medicine.; 35 (5): 1545–1549.  

Johan, Fevery. (2009). Bilirubin in clinical practice: a review. Liver 

International. 1478-3223. 

Johns Hopkins. (2020). Center for Health securaty. Serology Testing for Covid 

19, June23, Http://Www.Centerforhealthsecurity.Org/Resources/Covid-

19/Covid-19-FactSheets/200228-Serology-Testing-Covid.Pdf (Accessed 

on November 15, 2020). 

 

Kulkarni, AV., Kumar, P., Tevethia, HV. (2020). Systematic review with 

meta-analysis: liver manifestations and outcomes in COVID-19. Aliment 

Pharmacology ;52(4):584-599. 

Lauer, S.A., Grantz, K.H., Bi, Q., Jones, F.K., Zheng, Q., Meredith, H.R. (2020). 

The incubation period of coronavirus disease 2019 (COVID-19) from 



publicly reported confirmed cases: estimation and application. Annals of 

internal medicine. 172(9):577-582.  

Levison, W. (2014). Review Of Medical Microbiology and Immunology. 

McGraw-Hill Education: 708-709.  

Li, C., Zhao, C., Bao, J., Tang, B., Wang, Y., Gu, B. (2020). Laboratory diagnosis 

of coronavirus disease-2019 (COVID-19). Clinical Chemical Acta.; 

510:35-46.  

Liao, D., Zhou, F., Luo, L., Xu, M., Wang, H., Xia, J. (2020). Hematological 

characteristics and risk factors in the classification and prognosis 

evaluation of COVID-19: a retrospective cohort study. The Lancet 

Hematology.; 7(9):671-678. 

Lin, T., Qu, K., Xu, X. (2014). Sclerosing cholangitis in critically ill patients: an 

important and easily ignored problem based on a German experience. 

Front Med. ;8(1):118-126. 

Llinas, P., Masella, M., Stigbrand, T., Menez, A., Stura EA., Le Du MH. (2006). 

Structural studies of human alkaline phosphatase in complex with 

strontium: implication for its secondary effect in bones. Protein Sci.; 

15:1691–700. 

Mc, G., D.A., Miller, F., Anderson Cross, M., Anderson Jackson, L., Bryan, S., 

Dilworth, L. (2021). Abnormal Liver Biochemistry Tests and Acute Liver 

Injury in COVID-19 Patients: Current Evidence and Potential Pathogenesis. 

Diseases.; 9:50. 

Mehta, P., McAuley, DF., Brown, M., Sanchez, E., Tattersall, RS., Manson, JJ., 

HLH. (2020). Across Specialty Collaboration, UK. COVID19: consider 

cytokine storm syndromes and immunosuppression. Lancet; 395:1033-1034. 

Michael L. bishop, Edward p.fody, larry E., schoeff. (2005). clinical chemistry 

principle, procedure and correlation, part one 5th edition, chapter22 

Lippincott wiliam and wilkaris, united states of America: 480 -488. 



Morgan, K., Samuel, K., Vandeputte, M., Hayes, PC., Pelvis, JN. (2019).  

SARS-CoV-2 Infection and the Liver. Pathogens. ;9(6):430. 

Muhammad, S., A., Mohammed A., Uzma, R., Maria, H., Zehra, I., Basmah, F., 

Huzaifa H., Ayesha, A., Hamzah, H., Erum, S. (2020). Derangements of 

Liver enzymes in Covid-19 positive patients of Pakistan: A retrospective 

comparative analysis with other populations. Archives of Microbiology & 

Immunology ;4: 110-120.  

 N. Zhu, D. Zhang, W., Wang, X., Li, B., Yang, J., Song. (2020). A Novel 

Coronavirus from Patients with Pneumonia in China, 2019, N Engl J Med. 

;382 :727–733.  

Omrani, N., Iradj, M., Abdolrahim, A., Mahmood, M., Akbar, H., Fatemeh, R., 

Hasan, N., Reza, A. (2020). Evaluation of Hepatic Enzymes Changes and 

Association with Prognosis in COVID-19 Patients.  Hepata Mon. ;20(4): 

103179. 

Priola, CJ., Sookoian. (2020).  COVID-19 and ACE2 in the liver and 

gastrointestinal tract: Putative biological explanations of sexual 

dimorphism. Gastroenterology.;117: 1379. 

Ram, K., S., Neha, S., Sant, R., Shiv, L. S., Vikas, S., Pankaj, M., Jyotdeep, K., 

Indu, V., Sadhna, S., Deepy, Z. (2020). COVID-19 associated variations in 

liver function parameters: a retrospective study. Postgrad Med J; 98:91–

97. 

Raoult, D., Zumla, A., Locatelli, F., Ippolito, G., Kroemer, G. (2020). 

Coronavirus infections: Epidemiological, clinical and immunological 

features and hypotheses. Cell Stress.; 4 (4): 66-75. 

Rundk, H., Mohammed, M., Badraldin, H., Shirin, Hama S., Mustafa, 

M., Harmand, H. (2021). Evaluation of hepatic enzymes activities in 

https://pubmed.ncbi.nlm.nih.gov/?term=Hwaiz%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Merza%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hamad%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=HamaSalih%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mohammed%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mohammed%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hama%20H%5BAuthor%5D


COVID-19 patients. Int Immunopharmacology.  97:107701. Doi: 

10.1016/j.intimp.107701 

Sadeghirishi A., Yazdanparast R. (2007). Plasma membrane homing of tissue 

nonspecific alkaline phosphatase under the influence of 3-

hydrogenkwadaphnin, an anti-proliferative agent from Dendrostellera 

lessertii. Acta Biochim Pol.; 54:323–9. 

Sethuraman, N., Jeremiah, S.S., Ryo, A. (2020). Interpreting diagnostic tests for 

SARS-CoV-2. Jama. ;323(22):2249-2251. 

Sharma U., Singh, SK., Pal, D., Khajuria, R., Mandal, AK., Prasad R. (2012). 

Implication of BBM lipid composition and fluidity in mitigated alkaline 

phosphatase activity in renal cell carcinoma. Mol Cell Biochem. 369:287–

93. 

Simon , Daniela, L., Pedro, D., Wendel, Garcia, E.,      M. Maggio,  H., Cäcilia, 

S., Reiner,  Brüllmann,  K. Buehler First published (2020).pathological 

mechanism of liver injury in Covid 19 ,Liver Int. ;41:20-32 

Tang, Y.W., Schmitz, J.E., Persing, D.H., Stratton, C.W. (2020). Laboratory 

diagnosis of COVID-19: current issues and challenges. Journal of clinical 

microbiology. 58(6):12-20. 

Whyte, M.P. (2010). Physiological role of alkaline phosphatase explored in 

hypophosphatasia. Ann N Y Acad Sci.; 1192:190–200. 

Wu, J., Li, W., Shi, X., Chen, Z., Jiang, B., Liu, J. (2020). Early antiviral 

treatment contributes to alleviate the severity and improve the prognosis of 

patients with novel coronavirus disease (COVID‐ 19). Journal of internal 

medicine. ;288(1):128-138. 

Xing, Y., Shao Fen, W., Nan, Y., ., Chen,  L., Yan-Guang, M., Xiao, H 

Y.,  number: 62 Yin-Zhou Wang (2021).  Military Medical 

Research.  ;(8):61. 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=B%C3%BCtikofer%2C+Simon
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lenggenhager%2C+Daniela
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wendel+Garcia%2C+Pedro+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Maggio%2C+Ewerton+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Haberecker%2C+Martina
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Reiner%2C+C%C3%A4cilia+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Reiner%2C+C%C3%A4cilia+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Br%C3%BCllmann%2C+Gregor
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Buehler%2C+Philipp+K
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Shao_Fen-Wan
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Nan_Nan-Yao
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Xing_Yong-Chen
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Ze_Jing-Lin
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Yan_Guang-Mao
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Xiao_Hua-Yu
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Xiao_Hua-Yu
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-021-00356-x#auth-Yin_Zhou-Wang
https://mmrjournal.biomedcentral.com/
https://mmrjournal.biomedcentral.com/


Zhu, T., Gan, Y.H., Liu, H. (2012). Functional evaluation of mutations in the 

tissue-nonspecific alkaline phosphatase gene. Chin J Dent Res.; 15:99–

104. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

Sudan University of Science and Technology 

Collage of Graduate Study 

 

Evaluation of ALP, Total Bilirubin and Direct Bilirubin among  

Sudanese Patients with COVID 19 in Khartoum State. 

 

Name…………………………………………………………………………… 

Age……………………………………………………………………………. 

Gender………………………………………………………………………… 

Male  Female  

Duration of Covid19…………………………………………………………. 

Chronic disease? 

 Liver cancer  

 Cirrhosis  

 Ascites  

 Hepatitis  

 Jaundice  

 Fatty liver  

 Pancreatic disease  

 Gall stone  

 Hypertension 

 Biliary disease  

  Autoimmune liver and bile disease  

any medication? 

If yes specify …………………………………………………………. 

Investigation result:  



ALP……………………………………………………………. U\L 

Total bilirubin ………………………………………………...mg\dl 

Direct bilirubin ………………………………………………..mg\dl 
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