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Abstract

Background: Typhoid fever is a systemic infection caused by salmonella typhi. Oro-fecal
contamination is a common route of entry to cause infection of the gastrointestinal system. The
bacteria then burrow the walls of the intestines and cause bacteremia through a profusion of
bacteria in a person’s bloodstream, which invade the liver, kidney, and other organs. In addition
to the systemic infection, the liver organ can exposed to the bacteria directly via the gut-liver
axis (enterohepatic circulation). Typhoid hepatitis and renal damage are the atypical
presentations of typhoid fever. Lack of sensitive and specific diagnosis tests leads to poor

clinical management of typhoid fever.

Objective: To assess liver and renal function tests among typhoid fever patients in Motta
General Hospital, Northwest Ethiopia 2023.

Method: Institutional-based comparative cross-sectional studies were conducted at Motta
General Hospital from May to December 2023 among 90 typhoid fever cases and 90 control
groups who were selected with a convenient sampling technique. Laboratory tests were
performed by the principle of spectrophotometry method to measure liver and renal function
tests. Data entry and analysis were done by SPSS version 26. A p-value of <0.05 was taken as
the cut-off point for significant differences.

Results: The mean age of typhoid fever and control subjects were 33.10+ 12.11 years and 32.62
+ 7.708 respectively. The levels of serum AST, ALT, ALP, TB, DB, and creatinine showed
statistically significant differences between typhoid fever and control groups (p<0.05). Duration

of typhoid fever illness had an impact on the level of serum liver and renal function tests.

Conclusion: The findings of this study showed that liver function tests(ALT, AST, ALP, TB,
and DB) and renal function tests(creatinine) were significantly altered by typhoid fever as
compared with the control group, which would play an essential role in the management of

typhoid fever.
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1. Introduction

1.1. Background

Typhoid fever is a common bacterial infection in the tropics (1). It is a systemic infection caused
by water and food-borne pathogens such as Salmonella enterica subspecies, enterica serovar

typhi (S. typhi) (2).

The salmonella bacteria is transmitted through contaminated food and water. The bacteria then
burrow the walls of the intestines and cause bacteremia through the profusion of bacteria in a

person’s bloodstream, which invade liver, kidney, and other organs(3).

In addition to the systemic infection, the liver organ can exposed the bacteria directly via the gut-
liver axis. The intestine and liver are important organs for nutrient absorption, metabolism, and
the immune system. The functions of the two organs influence each other through the gut-liver
axis. It represents a bidirectional communication between the intestine and the liver(4). The
portal vein is the direct venous outflow from the intestine to the liver. The liver is immediately
exposed to a variety of harmful substances originating from the intestine as well as intestinal
germs like salmonella when the intestinal barrier is damaged. An increase in intestinal
permeability linked to a disordered gut microbiota exposes the liver to bacteria that can directly

affect hepatocytes or Kupffer cells, which are cells of the hepatic innate immune system(4, 5).

Pattern recognition receptor (PRRs), specifically Toll-like receptors (TLR), is the first
component of the immune system to detect host invasion by pathogens, activate immune
responses, and form the link between innate and adaptive immunity. PRRs recognize pathogen-
associated-molecular-patterns (PAMPSs) and danger-associated molecular-patterns (DAMPs)(6).
In invasive salmonella infection, DAMPs and PAMPs stimulate the innate immune system which
causes activation of macrophages and produces inflammatory chemicals like interferon-gamma
(IFN)-y, tumor necrosis factor (TNF)-a, IL-1B, and Interleukin (IL)-6. IFN-y regulates the level
of macrophage activation, which is the primary mechanism by which persistent infection is
controlled. The release of IFN-y and immediate host resistance to Salmonella infections depend
on IL-18(7, 8).



Kupffer cells are macrophages present in the liver that phagocytose S. Typhi to help it avoid
immune surveillance. In addition to antimicrobial peptides, reactive oxygen species (ROS, like
hydrogen peroxides, superoxides anion, and hydroxyl radicals), and reactive nitrogen species
(RNS, including nitric oxide and peroxynitrite) are produced by the macrophage cells to control
the invading pathogen but the salmonella bacteria have superoxide dismutase that encodes an
enzyme required for the detoxification of superoxide anion and catalyzes the detoxification of

nitric oxide and is needed to preserve a chronic Salmonella infection(9, 10).

Most of the Salmonella species' virulence factors are encoded on Salmonella pathogenicity
islands (SPI). Effector proteins necessary for liver invasion are delivered via a type Il protein
secretion system (TTSS) encoded by the Salmonella pathogenicity island-1 (SPI-1) locus. The
SPI-1 effector SipB stimulates caspase-1 in macrophages and activates rapid cell death by a
mechanism of both necrosis and apoptosis. SPI-2, which encodes distinct TTSS, is the second
specific DNA region necessary for liver infection survival and replication in macrophage cells.
The SPI-2 effector proteins are known to give the capacity of Salmonella strains to proliferate
within macrophages and cause a persistent infection(11-13).

In case of this, there is uncontrolled stimulation of the adaptive and innate immune response that
leads to detrimental inflammation and tissue injury of the liver organ. When these happen, the
transaminase enzymes of the liver leak out and find their way into the circulation, leading to
increased enzyme levels(14). Due to research showing a significant link between gallstones and
the likelihood of developing into a chronic carrier state salmonella infection, S. Typhi can spread
from the liver to colonize the biliary system through the ducts or capillaries that connect the liver
to the gallbladder which leads to the release of membranous alkaline phosphatase into the

circulation (15).

Twenty to forty percent of patients excreted Salmonella in the urine, usually during the second or
third week of the disease. Toxic nephrosis, the development of micro-abscesses, or the creation
of metastatic foci in the kidney is due to the passage of salmonella bacteria through the intact
kidney in typhoid fever. In addition to being a significant predictor of many renal diseases,
oxidative stress caused due to bacteria also plays a role in the cause of glomerulonephritis.
Glomerulonephritis leads to abnormal function of the kidney in the elimination of waste products

including creatinine and urea which causes an increasing those chemicals(16, 17).
2



1.2. Statement of the problem

Typhoid fever is thought to affect 11-21 million people annually and approximately 128 000—
161 000 deaths annually worldwide(18). Developing countries contributed to more than 87%

(nearly 12.5 million) of the global cases(19, 20).

Typhoid hepatitis is one of the atypical presentations of TF and can be the involvement of the
liver during the course of typhoid fever. Liver organ damage can be involved leading to a variety
of presentations from uncomplicated typhoid fever to a complicated one. Abnormal liver
function tests suggesting hepatic involvement has been reported as 23 to 60% by various
studies(21). Studies reported that the incidence of elevated transaminases and alkaline
phosphatase significantly in all the cases in the 2nd and 3rd week of illness. As the liver has a
great functional reserve, significant liver damage may have occurred without obvious clinical
signs and symptoms(22). The reported incidence of salmonella hepatitis ranges from 0.4-26% of

typhoid fever cases and is highest from a study in Vietnam(23).

Study undertaken in India AST was raised in 27 cases and ALT in 25 cases out of 54 cases. Most
cases with raised AST and ALT presented in the 2nd week of fever(24). As the study indicated in
the United Arab Emirates out of 50 enteric fever cases, elevated AST of more than twofold was
seen in 2 cases in 1st week, 13 cases in 2nd week, and 7 cases in 3rd week, elevated ALP levels
of more than two-fold was seen in 2 cases in 1st week, 11 cases in 2nd week and 6 cases in 3rd
week and hyperbilirubinemia was found in 5/50(10%) patients(25). Hepatic dysfunction is
common in typhoid fever. Salmonella hepatitis is seen in patients with prolonged illness and
inappropriate use of antibiotics. liver dysfunction in typhoid fever causes hepatomegaly,

jaundice, biochemical alterations and histopathological changes(26).

The renal damage caused by the salmonella bacteria is either immunological or directly caused
by the invasion of Salmonella typhi which causes pyelonephritis (a sudden and severe kidney
infection that causes the kidneys to swell and can cause permanent damage)(27). Even if typhoid
fever is a top health challenge have not any published study conducted in Ethiopia on this title,
particularly in the area of study. The purpose of this study is to assess the liver and renal function

tests of patients with typhoid fever.



1.3. Significance of the study

For policymakers and health administrators, the study findings will be very important, as typhoid
fever has no specific and sensitive diagnostic markers it may be used to implement an
appropriate and comprehensive diagnosis of patients with typhoid fever. In the clinical
management of typhoid fever patients, this finding will also be very important to the community
and health professionals. The findings of the current study may serve as baseline information for
other researchers who are interested in doing on this and related studies that may follow in the

future.



2. Literature review

2.1. Liver and Renal Function tests in typhoid fever patients

Typhoid fever is the common cause of mortality and morbidity in countries with poor hygienic
practices and limited access to safe drinking water. Different studies have been conducted in
different parts of the world among typhoid fever patients to assess the effect of typhoid fever

infection on liver and renal function tests(28).

In the prospective study conducted in India 31 children of typhoid fever patients participated in
the study with elevated levels of serum aspartate aminotransferase (AST) (61.3%), serum alanine
aminotransferase (ALT)48.4%), alkaline phosphatase (AP) (22.6%) and serum bilirubin (SB)
(6.1%). Therefore; hepatic dysfunction was presented even in cases without hepatomegaly, with
high levels of AST (60%), ALT (40%), ALP (20%), SB (6.7%)(29).

Based on the cross-sectional study of MY Hospital, MGM Medical College Indore (2015) a total
of 54 typhoid fever patients were included, the majority of the cases 40.74% were age range of
4-8 yrs. Of the 54 patients that were examined, 20 (37.03%) were male and 34 (62.9%) were
female. Of the cases, 27 (50%) had high AST and 25 (46%), had raised ALT. Most of the cases
with high-value ALT and AST were found in the 2nd week of fever(24).

In the study of India (2015) a total of 50 enteric fever patients with ages ranging from 14yrs to
60 yrs with a mean age of 21.9yrs and male: female ratio being 3.5:2. In the analysis of liver
function tests, AST was normal in 28 patients, elevated (More than 2fold) in 22/50(44%)
patients. ALP was normal in 31 patients, raised to more than 2fold in 19/50(38%) patients. (P<
0.05) and bilirubin range in these patients is 1.8 to 5.6 mg/dl and predominantly had conjugated
hyperbilirubinemia. In general, abnormal LFT in enteric fever is seen more commonly in patients

presenting in 2nd and 3rd week of illness (25).

According to a comparative cross-sectional study of Irag (2020) 120 typhoid fever patients aged
20 to 50 years, and 60 healthy individuals of the same age as the comparative subject. The mean
value of serum liver enzymes: alkaline phosphatase (ALP), alanine transaminases (ALT) and
aspartate transaminases (AST) were (130+9.81U/I; 31.4+£5.91U/1; 26.8+4.21U/l), respectively in



Typhoid fever patients. There was significantly higher (P<0.05) occurs in the level of liver
enzymes ALT, AST, and ALP(26).

Based on the study of Iran (2003) in typhoid fever patients of 107, there were 76 (71.1%) males
and 31 (28.9%) females. The median age was 25.5 years (range 18 months to 67 years).
Biochemical abnormalities of increased serum bilirubin in 26 (24.2%), 2 to 30 folds rise in
alanine transaminase (ALT) in 76 (71.1%) patients, 2 to 22 folds rise in aspartate transaminase
(AST) in 56 (52.3%) patients were seen. The serum alkaline phosphatase level was high in 25

(23.3%) patients. Therefore biochemical abnormalities were seen in 22.4% of patients(18).

In the cross-sectional and prospective study in Iran (2007) the study included 118 patients with
typhoid fever in the age range of 2-53 years. Hepatomegaly was revealed in 14% of the cases and
was correlated with elevated serum bilirubin (5.05 + 13.03 mg/dl in hepatomegaly subjects).
Alanine aminotransferase (ALT) was elevated in 22 of the cases. In conclusion, the elevation of

liver enzymes is relatively less common(30).

Out of the sixty children enrolled in the prospective observational study that was carried out in
Nepal in 2018-2019, fifty-six percent were girls, and forty—three percent were boys. In most of
the instances, there was a fever, lack of appetite, coughing, and vomiting. On admission, AST
and ALT levels were found > 35 IU/L in 26 cases (43.33%) and 34 cases (56.66%) respectively.

Based on an observational study of Rashid Hospital, United Arab Emirate (2005-2007) with a
total of 52 patients included mean age + SD of participants in the study was 27.4+7.89 years (14-
45 years) and males outnumbered the females 45(87%) vs 7(13%). A higher level of alanine
aminotransferase (85%) and in 10% of cases the level was more than 10fold of normal value,
aspartate aminotransferase (75%), alkaline phosphatase (44%) and serum bilirubin (25%). In
conclusion, patients from tropical countries or those who have traveled recently to areas of high

incidence of TF should arouse suspicion of clinical diagnosis of enteric fever(31).

A hospital-based descriptive study was conducted in the United Arab Emirates (2007-2008) and
a total of 75 typhoid fever patients were included. The biochemical changes included; raised
alanine aminotransferase (73.3%), aspartate aminotransferase (62.7%), bilirubin (30.6%), and
alkaline phosphatase (44%). In conclusion, typhoid fever causes a significant hepatic
dysfunction(32).



Based on the comparative cross-sectional study in Nigeria (2014) the study included 30 typhoid
fever cases and 20 healthy groups with an age range of 22-40 years. Mean serum level of alanine
transaminases (ALT), aspartate transaminases (AST), alkaline phosphatase (ALP), total bilirubin
(TB), and direct bilirubin (DB) 22.8+5.94, 28.33+11.72, 116.69+48.68, 19. 31+5.84, and
5.60£2.50 respectively were obtained for those typhoid fever subjects. While the control subjects
have mean serum levels of ALP (71.05+18.18), AST (16.65 *£7.45), ALT (13.85%6.09), TB
(10.09+4.85), and DB (3.00£1.67). The results suggest that typhoid infection can elevate ALP,
AST, ALT, TB, and DB serum levels and can lead to hepatic dysfunction (33).

According to a comparative cross-sectional study conducted by Cameron (2020) on the
biochemical profile of the liver and kidney 112 healthy individuals and 151 patients were
diagnosed with typhoid fever. The tests of kidney and liver function (ALT, AST, T-BILI, C-
BILI, ALP, GGT, urea, and creatinine) presented a significantly higher level at varying degrees,
especially for ALT (p <0.001), AST, ALP, urea and creatinine (p <0.01), T-BILI and D-BILI (p
<0.05). The findings of this investigation indicate that typhoid fever adversely affects the liver
and kidneys' ability to function depending on the duration of the illness. (27).

According to the study in Nigeria (2019) the result of renal changes associated with male and
female Typhoid fever patients, there is a significant increase in Creatinine levels in both male
and female patients compared to their control and a significant increase, p < 0.05 in Urea level of
the Typhoid positive females. Thus, using renal biochemical profiles as a diagnostic tool for
early typhoid fever infections may help identify complications associated with the fever early on,
improving patient treatment and preventing potential death from such complications(34).



2.2.  Conceptual framework

Socio-demographic factors Other risk factors

Sex

Hepatomegaly
Age
Education level Duration of illness
Occupation
Residency

No of family

Typhoid fever

Alterations of liver &renal function tests

(AST, ALT, ALP, DB, TB, CRE &urea)

Figure 1: Conceptual framework of the study



3. Objective

3.1. General objective

To assess levels of liver and renal function tests among typhoid fever patients in Motta General
Hospital, Northwest Ethiopia from May to December 2023.

3.2. Specific objective

To assess the value of liver and renal function tests among typhoid fever patients in Motta
General Hospital, Northwest Ethiopia.

To compare the median of liver and renal function tests in typhoid fever patients with the
control group in Motta General Hospital, Northwest Ethiopia.

To assess the associated factors for derangement of liver and renal biochemical profiles among

typhoid fever patients in MGH, Northwest Ethiopia.



4. Method and Material

4.1. Study area

This study was conducted at Motta General Hospital. Motta is a town in northwest Ethiopia
found on the secondary road connecting Dejen and Bahir Dar, it is situated in the east Gojam
Zone of the Amhara Region. It is located at latitude 11°5'N, longitude 37°52'E, and is 2,487
meters above sea level. It is located 120 kilometers from Bahir Dar (the capital of Amhara
Regional State) and 365 kilometers from Addis Ababa. Around 1.2 million people in the
surrounding area were served by the hospital. The hospital has around 250 workers, 18
laboratory professionals assigned to main, emergency, and inpatient laboratories(35).

4.2. Study design and period

An institutional-based comparative cross-sectional study was conducted from May to December
2023.

4.3. Population

4.3.1. Source population

%+ All febrile patients who were attending MGH during the study period were considered as

the source population for the case group.

s All MGH employees and apparent students who were available during the study time

served as a source population for the control group.
4.3.2.Study population

% All typhoid fever patients who were attending MGH during the study period were taken
as the study population for the case group.

s All apparently healthy staff and students who were available in MGH during the study
period and corresponded with cases by age and sex were taken as the study population for

the control group.

10



4.4. Eligibility Criteria
4.4.1. Inclusion criteria

v Typhoid fever patients who were attending MGH in the study period and accommodating
to participate in this study were used as inclusion criteria for the case group.

v Apparently healthy staff members and apparent students who were available at MGH
during the study period, who corresponded with cases by sex and age and volunteered to
participate in this study were used as inclusion for the control group.

4.4.2. Exclusion criteria

Individuals who have chronic diseases such as heart disease, liver disease, kidney disease,
insufficient samples (less than 3ml), and malaria and individuals who abuse alcohol and pregnant
women were not included in this study for both the case and control group.

4.5. Study variable

4.5.1. Dependent variable

v The level of liver function tests (AST, ALT, ALP, DB, and TB)

v The level of renal function tests (creatinine and urea)

4.5.2. Independent variables

o,

% Socio-demographic factors: sex, age, residency, occupation, and number of family.

o,

% Clinical features: duration of illness, hepatomegaly, headache, abdominal pain, nausea,
diarrhea, and BMI.
«+ Laboratory test: antibody titer

4.6. Sample size determination and sampling method
4.6.1. Sample size determination

The sample size was determined by using the mean direct bilirubin (DB) value from the
Cameroon study which yields the largest sample size.

11



A two-sided test with significance level a and power 18 is used to determine the sample size
required for comparing the means of two normally distributed samples. use 80% power and a
95% confidence level to determine the right sample size. Based on the study of Cameroon (2020)
mean value of DB in typhoid fever and healthy groups (0.29 £+ 0.53: 0.11 + 0.08 ) was used to

2
Cr+527) x (Za+ZB)? where n= sample size, s1=

2
determine sample size by the formula: n = L ;2

standard deviation of TF group =0.53, s,= standard deviation of apparently healthy group =0.08,
Z0a=1.96, ZB = power = 0.84, d= difference between means = 0.29-0.11=0.18. n = ((0.53)? +
(0.08)%) x (1.96+0.84)?/ (0.18)? = 69.52 round to 70.

10% nonresponse rate = 0.1x70= 7 so the minimum sample size is 70+7 = 77 for each group.
Increasing sample size important to increase the representativeness of the sample to the entire
population and power to show statistical differences between control and typhoid fever groups.
Therefore 90 typhoid fever and 90 apparently health participants were included (27).

4.6.2.Sampling method

A convenient sampling method was used to conduct this study.
4.7. Data Collection and Measurement
4.7.1. Data collection

Clinical history and sociodemographic data were gathered using semi-structured pretested and
translated questionnaires. Data collectors(nurses) interview study participants directly to

complete the questionnaire.
4.7.2. Laboratory analysis

After the collection of three to five milliliters of blood samples from both typhoid fever and
healthy groups, serum were separated using a centrifuge running at 5,000rpm for five minutes.
The serum was tested for renal function (creatinine and urea) and liver function (ALT, AST,
ALP, DB, and TB). The analysis was carried out using the spectrophotometric principles, which
measure the analyte's absorption spectrum at each wavelength. The Cobas c¢311 automated

chemistry analyzer and the Roche reagent were used.
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4.8. Data quality assurance

4.8.1 Pre analytical

To ensure that the participants could understand the questions during the interview, the
questionnaires were translated into the Amharic language. Ten percent of participants were pre-
tested before the real data collection. The blood sample was collected in aseptic techniques to

avoid hemolysis and other interferences
4.8.2. Analytical

Before the participant sample run, both pathological and normal control samples were tested.

The participant sample was analyzed after both control values were accepted.
4.8.3 Post-analytical

All information was recorded in the unique code of each subject and check its completeness and

consistency.
4.9. Data analysis and interpretation

The distribution of data was examined by the Kolmogorov-Smorvo test after the data were
entered into SPSS version 26. For categorical variables, data were represented by frequency and
percentages; for continuous data with a normally distributed distribution, as mean + standard
deviation (SD); and for continuous data with skewed distribution, as median + IQR. The LFT
and RFT levels of the TF and control groups were compared using non-parametric tests, namely
the Mann-Whitney U test and the Kruskal-Wals test. A p-value of <0.05 is to be considered as
statistically significant.

4.10. Operational definitions

Liver function tests- are sets of blood tests that are important to the assessment of liver
dysfunctions, which are ALT, AST, ALP, TB, and DB.

Renal function tests- are sets of blood tests that help assess renal dysfunctions. Urea and

creatinine are two of the tests.
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Typhoid fever(case group)- a febrile illness patient who has positive for rapid salmonella stool

antigen test. and an antibody titer of > 1:80.

Apparently healthy (control group): An individual without any symptoms or signs of illness,

with a negative rapid stool antigen test result for salmonella and non-reactive for widal test.
4.11. Ethical consideration

Addis Ababa University Department of Medical Laboratory was given ethical clearance through
its research and ethics committee. Motta General Hospital Administrators granted additional
permission. Written informed consent and assent were given by participants before the
commencement of data and specimen collection after the use of the study was explained.
Confidentiality of each information collected from the participants was maintained by employing

a special code.
4.12. Dissemination of the result

The final result of the study will be submitted to Addis Ababa University College of Health
Science Department of Medical Laboratory Science and Motta General Hospital. It will also be
accessible to decision-makers, researchers, and clinicians. Additionally, the results will be

published in peer-reviewed journals.
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5. Workflow
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Figure 2: Workflow of this study



6. Result

6.1. Socio-Demographic Characteristics of Study Participants

A total of 90 typhoid fever subjects (53 males and 37 females) and 90 control groups (46 males
and 44 females) with the age range of 15-53 were involved in the study. The mean age + SD of
typhoid fever patients and controls was 33.10 + 12.11 years and 32.62 + 7.708 years
respectively. 58.9% of typhoid fever cases and 11.1% of the control group were live in rural
areas. Around 27.8% of typhoid fever was a farmer and 86.7% of controls were government
employees. 35.6% of typhoid fever cases had no formal education and 92.2% of control groups

were diploma and above(Table 1).

Table 1: Socio-demographic characteristics of TF case and control groups in MGH, Northwest

Ethiopia, May to December 2023.

Socio-demographic character Case(n=90) Control(n=90)
Sex Male 53(58.9%) 46(51.1%)
Female 37(41.1%) 44(48.9%)
Age in year | <25 29(32.2%) 20(22.2%)
25-34 16(17.8%) 35(38.9%)
>35 45(50.0%) 35(38.9%)
Mean +SD 33.10+12.11 32.62 +7.708
Residence | Urban 37(41.1%) 80(88.9%)
Rural 53(58.9%) 10(11.1%)
Occupation | Gov’t employee 6(6.7%) 78(86.7%)
Merchant 11(12.2%) 0
Farmer 25(27.8%) 0
Housewife 19(21.1%) 0
Student 29(32.2%) 12(13.3%)
Educational | No formal education | 32(35.6%) 0
status Primary 30(33.3%) 3(3.3%)
Secondary/preparatory | 13(14.4%) 4(4.4)
Diploma and above 15(16.6%) 83(92.2%)
Family <5 84(93.3%) 83(92.2%)
member >5 6(6.7%) 7(7.8%)
BMI <18 3(3.3%) 0
18-25 87(96.7%) 86(95.6%)
>25 4(4.4%)
Mean+ SD 20.33+£1.37 21.93+£1.74

BMI-body mass index, SD-standard deviation, n-number of study participant
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6.2. Clinical features of typhoid fever patient

The clinical signs and symptoms in TF cases were: headache (100%), abdominal pain (78.9%),
diarrhea (14.4%), nausea (87.8%), and hepatomegaly (32.2%) (Figure 3).

100%

87.80%
78.90%

32.20%

14.40%

Hepatomegaly Abdominal pain Nausea Diarrhea Headache

M Clinical features

Figure 3: Clinical features of TF patients in MGH, Northwest Ethiopia, May to December 2023.

6.3. Comparisons of Liver and Renal function tests in typhoid fever case and

control groups.

The serum levels of AST, ALT, and ALP were significantly higher in typhoid fever cases than
control group with median £ IQR (54.35+78.33 versus 25.45 +£11.23, P<0.001), (54.05+£78.33
versus 18.10 +12.27, p<0.001) and (90.50+74.25 versus 80.00 +54, p<0.001) respectively.
Similarly, levels of TB and DB were significantly higher among typhoid fever patients compared
to control groups (0.80+1.2 versus 0.504 +0.302, p<0.001), (0.174+0.76 versus 0.113 + 0.097,
p=0.002) respectively. Renal function test creatinine was significantly higher in typhoid fever
cases than in control groups with median = IQR 1.07+0.69 versus 0.68 +0.19, p<0.001. The level
of urea was no statistical difference between typhoid fever patients and comparison groups
(29.20+11.43 versus 29.60 £13.05, p = 0.171) (Table 2).
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Table 2: Comparison of liver and renal function tests among TF cases and control groups in

MGH, Northwest Ethiopia, May to December 2023.

Parameter Case group(n=90) Control group(n=90)  P-value
Median £IQR Median £IQR
ALT(U/L) 54.05+£78.33 18.10 +12.27 <0.001
AST(U/L) 54.35+78.33 25.45 +11.23 <0.001
ALP(U/L) 90.50+74.25 80.00 +54 <0.001
AST: ALT 1.29+0.38 1.4+0.46 0.005
TB (mg/dl) 0.80+1.2 0.504 +0.302 <0.001
DB (mg/dl) 0.17440.76 0.113 £0.097 0.002
CRE(mg/dI) 1.07+0.69 0.68 +0.19 <0.001
Urea (mg/dI) 29.20+11.43 29.60 +13.05 0.171
WBC (X10%/pL) 11.73+4.62 7.18 +3.69 <0.001

IQR-Inter quartile range, WBC-White blood cell and BMI-Body mass index.

e Mann-Whitney U test was used for comparison

6.4. Liver and Renal function test results of age and gender-adjusted on

typhoid fever case and controls.

The values of AST, ALP, TB, and creatinine showed significant differences in typhoid fever
cases in males and both genders. ALT was significantly difference in males, females, and both
genders of TF patients, p<0.05 (Table 3), However, DB and urea were not significantly different

in both typhoid fever patients and control groups, p>0.05 (Table 3&4).
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Table 3: Liver and Renal function test results of age and gender-adjusted value on typhoid fever
case in MGH, Northwest Ethiopia, May to December 2023.

Age and Sex ALT AST ALP B DB CRE Urea
Mediant Mediant Medianx Mediant Median+ Mediant Mediant
IQR IQR IQR IQR IQR IQR IQR
<25(n=29) 23.7+385 | 33.1+33.65 | 83.0¢58.0 | 0.57+0.69 | 0.14+020 | 0.75:0.71 | 30.3£11.4
Male (n=15) 23.7+41.6 | 29.2+31.3 | 81.0+47.0 |0.47x0.66 | 0.09+0.27 | 0.57+0.68 | 31.4+8.3
Female (n=14) 24+38.3 4394375 | 87.5481 0.67+¢0.76 | 0.14+0.14 | 0.840.73 26.7+14.4
p_value 0.98 0.41 0.27 0.41 0.65 0.26 0.22
25-34(n=16) 51.7+79.9 | 51.44825 | 122+79.7 0.58+1.14 | 0.23t0.47 | 1.05+0.82 | 26.1+14.2
Male (n=12) 54.7+72.3 | 53.1+72.1 | 125+73.2 0.57+1.10 | 0.14+047 | 1.07x054 | 26.1+17.7
Female (n=4) 15.9470.1 | 20.64#97.3 | 89.0#130.7 | 1.11+1.50 | 0.34+0.93 | 0.74#1.09 | 26.0+14.15
p_value 0.27 0.15 0.33 0.22 0.72 0.30 0.81
>35(n=45) 67.9+75.6 | 86.1+85.2 | 131+86 1.29+1.45 | 0.30+1.16 | 1.16+0.26 | 28.4+12.1
Male (n=26) 69.2+94.1 | 89.1+92.2 | 90.5+83 1.36+1.45 | 0.25+1.18 | 1.15+0.48 | 30.2+15.4
Female (n=19) 58.5+56.7 | 69.8+£79.8 | 134490 1.21+1.46 | 0.30#1.15 | 1.1620.36 | 26+6.7
P-value 0.92 0.89 0.59 0.81 0.70 0.48 0.21
P- Bothsex(90) | 0.001 0.002 0.010 0.032 0.219 0.012 0.547
Val | Male (n=53) | 0.027 0.007 0.021 0.032 0.532 0.032 0.461
ue Female 0.024 0.058 0.150 0.509 0.245 0.154 0.922

(n=37)

n-number of study participants

e Mann-Whitney U Test to see gender differences in each age group

e Kruskal-Wallis Test to see gender differences in all adjusted age group
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Table 4: Liver and Renal function test results of age and gender-adjusted on control groups in
MGH, Northwest Ethiopia, May to December 2023.

Age and Sex ALT AST ALP TB DB CRE Urea
Median+ Median+ Median+ Median+ Median+ Median+ Median+
IQR IQR IQR IQR IQR IQR IQR
<25(n=20) 19.1412.3 | 27.5+£15.2 | 61+41.7 0.44+0.34 | 0.16+£0.20 | 0.69+0.19 | 34.9+14.1
Male (n=4) 21.6+11.9 | 33.1+19 48.5+15.2 | 0.39+0.54 | 0.21+0.23 | 0.65+0.33 | 30.3+16
Female (n=16) | 19.1+13 26.9+9.9 67+46.7 0.44+0.34 | 0.16+0.13 | 0.70+0.21 | 34.9+11.2
P-value 0.85 0.64 0.12 0.67 0.51 0.85 0.85
25-34(n=35) 16.8418.2 | 26.7+13.1 | 7377 0.55+0.39 | 0.11+0.15 | 0.71+0.22 | 28.9+13.3
Male (n=20) 20.3+17.5 | 26.3+12.8 | 80.5+64.5 | 0.63+0.49 | 0.14+0.18 | 0.72+0.19 | 25+11.2
Female (n=15) | 16.7£19 27+13.9 7393 0.41+0.27 | 0.08+0.08 | 0.64+0.19 | 31.1+18.5
P-value 0.38 0.64 0.76 0.04 0.12 0.34 0.18
>35(n=35) 17.348.0 23.2+11 85171 0.50+0.19 | 0.11+0.07 | 0.66+0.18 | 28.6+11.3
Male (n=22) 17.949.05 | 27+17.1 87.5+75 0.49+0.21 | 0.09+0.08 | 0.64+0.16 | 27.4+10.6
Female (n=13) | 16.6+£9.3 22.3+4.0 78163 0.56+0.25 | 0.12+0.08 | 0.71+0.24 | 31.9+12.7
P-value 0.17 0.09 0.25 0.32 0.19 0.45 0.45
P- | Both sex 0.66 0.64 0.24 0.76 0.42 0.92 0.23
V | Male(46) | 0.85 0.68 0.06 0.23 0.11 0.48 0.42
al | Female(44 | 0.44 0.46 0.79 0.48 0.52 0.74 0.81

ue |)

n-number of study participants

e Mann Whitney U Test to see gender differences in each age group

e Kruskal-Wallis Test to see gender differences in all adjusted age groups
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6.5. Duration of illness in TF patients and LFT and RFT test results

Duration of illness had effects on liver and renal function tests of typhoid fever patients. ALT,
ALP, TB, and Creatinine levels of typhoid fever study subjects of greater than or equal to three
weeks and two weeks duration were significantly higher than study subjects exposed for less
than or equal to one week (Table 5).

Table 5: The impact of duration of illness on LFT and RFT of TF patients in MGH, Northwest
Ethiopia, May to December 2023.

Parameters Duration of illness
< one week(n=68) Two weeks (n=20) >Three weeks(n=2)
(Medianz IQR) (Medianz IQR) (Medianz IQR)
ALT(IU/L) 42.6+51.05% P 89.8+87.8 130.35+1
AST (IU/L) 50.7+61.25% 103.05+113.62 121.2+1
ALP (IU/L) 88+67.75%° 158.5+147.25 203+1
TB (mg/dl) 0.71+0.898% P 1.63+1.93 2.41+1
DB (mg/dl) 0.15+0.272 0.79+1.35 1.25+1
Creatinine 0.97+0.69% P 1.19+0.44 1.38+1
(mg/dl)
Urea (mg/dl) 28.55+10.4 28.75%£15.95 14.15+1
WBC(X10%pL) | 11.9+4.02 9.5+8.8 7.4+1

¢ Independent-sample Kruskal- Wallis test was used for multi-comparison.

» a-p<0.05 when two week compared with one week

» b-p<0.05when three week compared with one week
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6.6. Titration of typhoid fever cases and LFT and RFT test results

Antibody titer has effects on liver and renal function tests of typhoid fever patients. AST, ALT,
and Creatinine levels of typhoid fever study participants of 1:160 and 1:320 antibody titer

showed statistically significant differences when compared with study subjects of 1:80(Table 6).

Table: 6 The effect of O-antibody titer on Liver and Renal function tests of TF patients in MGH,
Northwest Ethiopia, May to December 2023.

Parameters 1:80 (n=70) 1:160 (n=18) 1:320 (n=2)
(Mediant IQR) (Medianz IQR) (Mediant IQR)

ALT(IU/L) 42.6+51.7%P 75.5+75.22 122.85+1

AST (IU/L) 50.6+61.83% 99.7+88.4 139.30+1

ALP (IU/L) 88.5+63.75% 151.5+112.5 199+1

TB (mg/dl) 0.73+0.89 1.52+1.8 2.46+1

DB (mg/dl) 0.15+0.27 0.69+1.31 1.28+1

Creatinine (mg/dl) 1.06+0.7%° 1.16+0.37 1.66+1

Urea (mg/dl) 28.55+9.92 27.05+19.15 16.20£1

WBC(X10%/uL) 11.8+4.1 10.246.2 8.1+1

Independent-sample Kruskal-Wallis test was used for multi-comparison.

e a-p<0.05 when 1:160 compared with 1:80
e b-p<0.05 when 1:320 compared with 1:80

22




7. Discussion

Typhoid fever is a common bacterial infection in the tropics with considerable morbidity and
mortality. It mostly affects liver and kidney organs which leads to alteration of liver and kidney
function tests(14, 28).

According to this study, typhoid fever has a significant impact on the level of liver and renal
function tests in comparison to control groups. ALT, AST, ALP, TB, DB, and creatinine were
significantly higher in typhoid fever patients as compared to control subjects. The value of urea
has not shown a statistically significant difference between typhoid fever cases and control

groups.

Based on these findings the values of AST, ALT, and ALP were significantly higher among
typhoid fever cases as compared to the control group. The finding is in agreement with past
studies conducted in Irag and Cameroon(26, 27). which reported significantly higher values of
ALT, AST, and ALP in patients with typhoid fever compared to the control groups. Furthermore,
different case reports conducted in Malaysia, India, and South Africa support this study and
report high levels of ALT, AST, and ALP in typhoid fever patients(36-38). and also, a
prospective study in India, a cross-sectional study performed in India, a prospective
observational study conducted in Nepal, and an observational study conducted in the United
Arab Emirates showed that elevated liver enzymes in typhoid fever patients(24, 29, 31, 39).
Similarly, a study conducted in Nigeria(33) reported elevated enzyme levels of ALT, AST, and
ALP in typhoid fever patients than control groups.

The high value of serum ALT and AST enzymes would be due to hepatocyte necrosis, which is
characterized by the destruction of hepatocytes by reactive oxygen species (ROS) initially
intended for the destruction of Salmonella bacteria in the liver(40). During the infection of
typhoid fever, Salmonella typhi leaves the intestinal lumen by infecting lymphoid tissues via the
lymphatic circulation to end up in the macrophages of the liver (Kupffer cells) where it
multiplies there and spreads into the body(41). The lysis of a part of Salmonella bacteria in the
lymph nodes releases the endotoxin (lipopolysaccharides) which is carried by the blood to the
liver. In the liver, Kupffer cells are activated by these lipopolysaccharides and secrete cytokines
(TNF-a, IFN-y, IL-1, IL-6, IL-18) which induce the production of ROS that destroy Salmonella

23



typhi, which also destroy hepatocytes(42). The increase in serum biochemical parameters of ALT
and AST would be indicated by the increase in the dose of endotoxin during the increase in the

duration of the disease(43).

Via the ducts or capillaries that connect the liver and gallbladder, S. Typhi can spread from the
liver to colonize the biliary system(15). The high level of ALP indicates that obstruction of the
bile ducts can be due to the existence of Salmonella typhi, bile duct blockage results in increased

production of ALP by epithelial cells and released into the circulation of ALP biochemicals(44).

The levels of TB and DB showed an increment in typhoid fever cases than control subjects. The
results of this study were similar to the findings conducted in Cameroon and Nigeria(27, 33). It
indicates that the value of bilirubin was significantly higher in typhoid fever cases than in control
subjects. Additionally, case reports reported from Malaysia, Pakistan and a cross-sectional and
prospective study conducted in Iran, and a descriptive study conducted in the United Arab
Emirates showed that elevated levels of serum bilirubin in typhoid fever patients(30, 32, 36, 45).
The liver damage that we found via the increased level of AST, ALT, and ALP was further
confirmed by the high values of serum bilirubin. When hemoglobin, a component of blood red
cells, breaks down naturally during the process of recycling damaged or aged red blood cells,
bilirubin is formed. It is then transported via the bloodstream to the liver and eliminated with
bile(46). The significant increase in serum bilirubin levels in typhoid fever patients indicated the
disturbance of the liver excretion function. It may be due to canalicular occlusion by the swollen

hepatocytes(47).

An increase in the level of creatinine in typhoid fever compared with the control group in this
study agrees with the past studies conducted in Nigeria and Cameron(27, 34). The increase of
serum creatinine level in typhoid fever could be immunological or directly by the invasion of
salmonella typhi. As the byproduct of creatine phosphate in muscle and is generated constantly
by the body, creatinine is an endogenous measure for the evaluation of glomerular function. It
usually gets completely removed from the blood by the kidney(48). The significant increase in

the serum level of creatinine indicated impaired kidney function(49).

There is no difference significantly in the level of urea in typhoid fever patients and control

groups in this study. About 85% of urea, a nitrogen-containing substance produced in the liver as
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a byproduct of protein catabolism, is excreted through the kidney(48). In typhoid fever both liver
and kidney functions are altered, the liver has dysfunction in producing urea and the kidney has

dysfunction in excreting urea waste products.

In this study, the impact of the duration of illness on the liver and renal parameters of individuals
with typhoid fever patients was also analyzed. Liver function tests; ALT, ALP, TB, and
creatinine levels of typhoid fever patients in three weeks and two weeks showed significant
increases compared with one week of typhoid fever duration, and AST and DB levels of typhoid
fever patients in two weeks showed significant increase compared with one week of typhoid

fever duration. These findings are similar to the past study conducted in India(24, 25).
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8. Strengths and limitations of the study

8.1.Strengths of the study

» This study is the first in Ethiopia, as far as the principal investigator and advisors know.
» The study was done with titration and antigenic tests.

» It offers baseline data for future research.
8.2. Limitation of study

The sample size of the study was small, which is not sufficient to generalize the findings to the
general population. Different tests like GGT, albumin, uric acid, electrolytes, LDH, and C-
reactive protein parameters were not tested due to scarcity of budget. It is challenging to

discuss the results with other findings because there is a dearth of literature for this study.
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9. Conclusion and recommendation

9.1. Conclusion

Typhoid fever patients showed significant increments of liver function tests(ALT, AST, ALP,
TB, and DB) and renal function tests(creatinine) as compared to control groups. Duration of

illness had effects on liver and renal function tests of typhoid fever patients.

9.2. Recommendation

Based on the findings of this study, the inclusion of liver and renal function tests to other integral
laboratory tests for comprehensive diagnosis of typhoid fever is recommended with the

consideration of further studies.
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11. Annexes

11.1. Annex I: Participants’ information sheet

A. English version

Title of the project: Assessment of liver and renal function tests among typhoid fever patients in

Motta General Hospital, Northwest Ethiopia.

Principal investigator: Birku Gashaw (BSC, MSC candidate)

Name of organization: Addis Ababa University
Introduction

Dear study participants, you are invited to participate in the study on liver and renal function
tests of typhoid fever patients in Motta Hospital, Amhara Region, northwest Ethiopia. This study
is approved by Addis Ababa University Department of Medical Laboratory Science research
ethics committee. You are voluntarily participating in this study and you have a full right to stop

participation if you have something uncomfortable

Purpose of the study: The purpose of the study is to assess liver and renal function tests in

typhoid fever patients.

Duration: the duration of this study depends on the availability of study subjects and it may take
2-8 months.

The associated risk with the study: There might be some minimal risk and discomfort when we
take venous blood. However, during the collection of blood specimens from you, appropriate
precautions will be taken and samples will be collected by an experienced laboratory

technologist. If anything happens, appropriate medical care will be provided to you.

Procedure of the study: If you agree to participate in this study, you will give about 3-5 venous

blood for clinical chemistry analysis.

Expected Benefit: Dear participants you will have a benefit from this study because this study

assesses your liver and renal function test changes. No payment is requested for the clinical
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chemistry tests and you will know your health status early. If your result shows any

abnormalities in clinical chemistry tests, you will manage and be treated early.

Confidentiality: The confidentiality of your information and laboratory results is respected
strictly. A unique identification number is given to you and your name will not be written in the

form and the result of laboratory tests can only be accessed by the researcher.

Contact information

If you have additional questions about the study, you can contact the:

Birku Gashaw  cell phone-0927617363 E-mail: birkugashaw07@gmail.com

Thank you for your cooperation. If you are a volunteer to participate in the study, I kindly

request you to provide your response to the questionnaire on the next page.

B. A998 ¢85

eTCERE Coh: NAT14 hdd (987 900N AFE&P NPT AmPAL PATHO P1LELE that vav-ayy
P+ AS BeAAT 10C IPCove-

PG avC74: (1Ck A+ (BSC: MSC hetx)
P&CP~E A9°:- A%0 ANA RLOCAT
(.

@& PGt FAFAPT (NTE7 PPhi- AFEEP NATIe- hAA (D@« PPN PATHA 232608 et N+
PHOT AS DA HI0C PCaPe- AL W84 AINHTFARA: 2V PO NASA ANO RLOCAL PUNIPT ANLPS
AL TG 9°CIPC 471 920G hlk 0ALP 1= (HY TG @-OT (LFPLTTE AOtaté 10+ hG PaqgavT
71C A THHEPLT 0IIBI° av-iy ao(1F AAPT

NGk IC PHHaDL O oF:- 090 A°C L9° NIPIONLNT L aPmI§ SPT ALD hG ¥t M1t ASC STAdA:
7IC 1% DACAP PLI° Gav<¢ NTLANGNNTF LH TIULDT PrPE LLLIA AG GavG PILANNND- AJPL: NAD-
PA(IC4 ENT AL, AAar-@ 10 P1PT T1C Nrtéamd, L 2hh9PS A7hNhN, LaTPIA.

PGk GA9T:- PTPGE GA%T (1FR6LL ADTFE FNTLPT AL PO AG heAAF +90C 9°CaveT AaP1IP19°

1@-::

8L LH: PHY TG 270 PTLONIO- NPT CANT aTT+ AL (LIPT N2-8 D A.@OL: S FAA::
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IV a0lB
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11.2. Annex Il: Consent Form

1. Adult study participants
A. English version

| have read, or have had this document read to me in a language that I understand, and |
understand the purposes, procedures, and risks of this research project as described within it. |
understand that at any time | may withdraw from this study without giving a reason. | know that
no special payment for being participating in the study. | freely agree to participate in this study,

as described. | understand that | was given a signed copy of this document to keep.

Name of participant. Signature Date
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Parental consent form

A. English version

I parent, after being fully informed about the purpose of this study on

the assessment of liver and renal function tests in typhoid fever patients in Motta Hospital
Northwest Ethiopia. I, the undersigned, have been told about this research. | have been informed
there is no harm related to giving specimens. | have been informed that other people will not
know my child's results as it is coded with numbers rather than written names. | understand that
there may be no benefit to me personally apart from the clinical service | get from these results. |
have been encouraged to ask questions and have had my questions answered. | have been told
that participation in this study is voluntary and | may refuse to be in the study. I know my
participation will also be approved by my child. By signing below, | agree to let my child
participate in this research study.

/ /
Name of parent signature Day/month/year
B. A%T ¥F
I aofEe PE
Y PAL ANFTI9L AT PHUT TG AATT N HLFAU-:: PTG R Con

NN POATHA P7LTTE L0 havaTy AL POt AG DAt 90C 9°Cave- § TG 10:0TE AL,

hAr9.416 JOCHmM- Phl aPPEY 191LD-GA:: §av-G ad(\mt IPI9° ARTT 14T AP, AL ATLAAD. F11CTA::

NTGE OPFI° AL, a0/ 8PF NLATC AATLEH NAA QAL HZE A7291LF3OP +LE&FAv-:: NOmk NTLTTA.
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PUNICG AT NPC AA AL (191N P9LeTTM. PPI° ATLAN TLEFAU-:: TPE ATLMEP OLA +ATT
ATPEPE (1 AT ATVFAU-:: AL, (TG aodte (AL AP AF AP AG (TGEI® AATPATG JO7P°
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3. Assent form

A. English version

| am fully informed about the purpose of this study on the assessment of liver and renal function
tests in typhoid fever patients in Motta Hospital Northwest Ethiopia. | have been informed there
is no harm related to giving specimens. | have been informed that other people will not know my
test results as it coded with numbers rather than written names. | understand that there may be no
benefit to me personally apart from the clinical service | get from these results. | have been
allowed to ask questions and my questions have been answered to my satisfaction. | voluntarily
assent that | will participate in this study provided my parents/guardians give their consent to

give my blood for the study.

Name of participant signature Day/month/year / /

B. A9UE P8

0PN PATHA P9LTF FLELL havaly AL PHIT AS N-AAT +oI0C 9°Cave- (1TLAD- Chll PG GATI.
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11.3. Annex Il1. Screening checklist

A. English version

ID:

Table 7: Show Screening checklist

No | Questions Response
1 Do you have taken any medication within this two 1. Yes 2. No
weeks?
2 If your answer is yes for Q#1, what type of drug do 1. Anti-protozoa 2. Anti-
use? bacterial
3. Anti TB 4. Other
3 Do you have a habit of alcohol drinking 1. Yes 2. No
4 If yes to Q 3, how often do you take it? 1. One per day 2. Two or three
per day
3. More than four per week
4. sometimes (holiday)
5 Do you have a history of chronic liver disease? 1. Yes 2. No
6 Do you have a history of chronic heart disease? 1. Yes 2. No
7 Are you pregnant? (For females) 1. Yes 2. No
8 Widal test O, 1. Reactive 2. Non- reactive
H, 1. Reactive 2. Non-
reactive
9 Malaria test
10 | Salmonella stool antigen test 1. Positive 2. Negative
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11.4. Annex IV: Structured Questionnaires

Questions on Socio-demographic characteristics of the respondent for both case and

control groups
English version

Note: Please Encircle or Write the appropriate answer in the provided space.

Table 8: Show Questions on Socio-demographic characteristics of the respondent

No. Questions Response categories Remarks
1 Identification Number ID NO

2 Sex 1. Male 2. Female

3 Age of respondent In completed years ------------

4 Where is your residence? 1. Urban 2. Rural

39




6 What is your marital Status?

1. Married 2. Single
3. Divorced 4. Widowed
5.. Separated

Educational status of the respondent

1.
2.
3.

No formal education

Primary educational level (1-8)
Secondary and above (above
grade 9)

Diploma and above

8 What is your occupation?

9 Number of family members

Questions on clinical features for only typhoid fever confirmed patients

ID

Table 9: Show Clinical features for only typhoid fever patients

No Questions Response
1 Duration of illness 1, One week and less
2, Two weeks
3, Three weeks
4, Four and above
2 Hepatomegaly 1. Yes 2. No
3 Jaundice 1. Yes 2. No
4 Headache 1. Yes 2. No
5 Abdominal pain 1. Yes 2. No
6 Diarrhea 1. Yes 2. No
7 Nausea 1. Yes 2. No
| thank you for your cooperation
AT PE
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11.5. Annex V. Biochemical and anthropometric measurements
ID

Table 10: Show Laboratory result format

No | Test Result

1 | Height (meter)

2 Weight (Kg)

3 BMI Kg/m?

4 ALT U/L
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5 AST U/L
6 ALP U/L
7 Creatinine mg/dl
8 urea mg/di
9 B mg/dl
10 | DB mg/dI
11 | AST: ALT
12 | Antibody titer
13 | WBC X103/l

Table 11: Reference range of Cobas 311 clinical chemistry analyzer at Motta General Hospital

Parameters Reference range

Male Female
ALT 0-41 (1U/L) 0-33 (1U/L)
AST 0-40 (1U/L) 0-32 (IU/L)
ALP 40-129 (1U/L) 35-104 (IU/L)
Creatinine 0.7-1.2 (mg/dl) 0.5-0.9 (mg/dl)
urea 16.6-48.5 (mg/dl) 16.6-48.5 (mg/dl)
B 0-1.2 (mg/dl) 0-1.2 (mg/dl)
DB 0-0.9 (mg/dl) 0-0.9 (mg/dl)

11.6. Annex VI: Materials, Procedure, and principles of tests

SOP for Blood Collection
Equipment
v' 21gauge needle for each participant
v Blood collection tubes (serum separator tube)
v' Tourniquet
v' Box of gloves
v' 70% alcohol
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v" Cotton
Laboratory Blood sample collection procedure and processing
1. Assemble blood collection materials.
2. ldentify and prepare the patient
3. Label tubes with the client’s name/identification number.
4. Wear a glove and prepare the patient on a comfortable position

5. Tie the tourniquet around the arm of the patient above the bend in the elbow. The
tourniquet should be positioned 7.5cm to 10cm above the puncture site.

6. using the tip of the index finger examine the phlebotomy site, feel the vein, and decide

exactly where to place the puncture
7. Disinfect the collection site by swabbing the skin with alcohol swab.

8. Insert the needle directly into the vein and withdraw peripheral blood of approximately 3ml

in serum separator tube

9. Withdraw the needle from the vein and cover the puncture site cotton swab and hold

pressure at the puncture site for 3 minutes.
10. Properly avoid the used materials in a safe container.
11. Leave for 30 to 45 min. to clot the blood

12. Centrifuge at 5000 rpm for 5 minutes and Serum will be separated.
Principles of each test

Alanine aminotransferase

Test principle- Alanine aminotransferase (ALT) catalyzes the transfer of the amino group
from alanine to oxoglutarate with the formation of glutamate and pyruvate. The next is
reduced to lactate-by-lactate dehydrogenase (LDH) in the presence of reduced nicotinamide

adenine dinucleotide (NADH). The reaction is monitored kinetically at 340 nm by the rate of
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decrease in absorbance resulting from the oxidation of NADH to NAD+, proportional to the

activity of ALT present in the sample.

CH, COOH CH, COOH

| | ] |

HCM NH, + CBO CBO + HCM NH;

COOH CH; COOH CH:
CH- CH-
COOH COOH
Alanine o-keto- Pyruvate Glutamate
glutarate
H
[ ]
O
H/f”:‘/‘lll o LR H :“;f o
pyruvate [ ﬂ/ - T
[ O
f L-lactate ©
||
|
'l" Ex:l [ b H [
Y v TNH, == " T NH,
NADH 3 - T
N NAD ‘_T: -~
R It

Source: Lactate dehydrogenase. (2023, January 31). In Wikipedia

The control should include a set of controls that is normal and abnormal. assay technique is
Kinetic assay, the method is IFCC, lower detection limit 5U/L, measuring rang 5-500U/L,
calibrator c.f.a.s, working solution is R1 59uL and R2 17uL, correlation: Y=10.997X-1.051,
r=0.996, reference interval for male 0-41U/L and for female 0-33U/L, company: Roche
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diagnostic GmbH, Sandofer Strasse 116, D-68305 Mannheim USA, lot No-62565501,exp date
08/12/2023(50, 51).

Aspartate aminotransferase

Principle- Aspartate aminotransferase (AST) catalyzes the transfer of the amino group from
aspartate to oxoglutarate with the formation of glutamate and oxaloacetate. The latter is
reduced to malate-by-malate dehydrogenase (MDH) in the presence of reduced nicotinamide
adenine dinucleotide (NADH). The reaction is monitored kinetically at 340 nm by the rate of
decreasing absorbance resulting from the oxidation of NADH to NAD+, directly proportional
to the activity of AST present in the sample.

C OO (T_ O O

]

¢ Ho G H2

OO C OO
Aspartate Oxaloacetate

wxal Pholate/
(PLP)
+ _|_
ASpart_at‘\
Transaminase
(AMminotransferase)

CI OO CI: OO
C=0 HIN} C—H
(I: H > (I: H >
G Ho GH2>
OO C OO
a-Ketoglutarate Glutamate
0
' ) 0
0 ¢ NADH+H' o _
0 0 | 0 t NAD
MOH
(xakacstate e OH 0
Malale

Source: https://education.med.nyu.edu/mbm/aminoAcids/nitrogen.shtml
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Control should include a set of control which is normal and abnormal, assay technique is
kinetic assay, the method is IFCC, lower detection limit 5U/L, Measuring rang 5-500U/L,
calibrator c.f.a.s, working solution R1 40pL" And R2 17uL, correlation: Y=0.991X+1.22,
r=0.999, Reference interval 0-40U/L for male and 0-32U/L for female, company: Roche
diagnostic GmbH, Sandofer Strasse 116, D-68305 Mannheim USA, lot No-60286301,exp date
08/12/2023(50, 52).

Alkaline phosphatase

Principle of the test- Alkaline phosphatase (ALP) catalyzes the hydrolysis of 4-
nitrophenylphosphatase (4-NPP) with the formation of free 4- nitro phenol and inorganic
phosphate, acting as the alkaline buffer as a phosphate-group acceptor. The reaction is
monitored kinetically at 405 nm by the rate of formation of 4-nitrophenol, which is directly

proportional to the activity of ALP in the sample.

0 0
| ALP |
R—P—O0~ + H,0: » R—OH + HO—P—0"
pH 9-10
0" 0~
Phosophomonoester Alcohol  Phosphate ion
Source:

https://iubmb.onlinelibrary.wiley.com/doi/full/10.1002/bmb.2002.494030060138

The Control of each test should include a set of control that is normal and abnormal, assay
technique is kinetic assay, the method is IFCC, lower detection limit 5U/L, measuring range
5-1200U/L, working solution R1 75uL and R2 17uL, correlation: Y=0.958x-0.357, r=1.00,
reference interval male 40-129U/L female 35-104, interference: hemolysis, drug, company:
Roche diagnostic GmbH, Sandofer Strasse 116, D-68305 Mannheim USA, lot No-
60572301,exp date 08/12/2023(53, 54)
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Total and direct Bilirubin

Test principle- Bilirubin is converted to colored azobilirubin by diazotized sulfonic acid and
is measured photometrically. From the two bilirubin fractions in serum —bilirubin-glucuronide
and free bilirubin which is bound to albumin— only the former reacts directly, while free
albumin reacts after being displaced from protein by an accelerator. The difference between
the two measurements total bilirubin (with accelerator) and direct bilirubin (without

accelerator) enables the calculation of indirect bilirubin.
Total bilirubin

The control of a test should include a set of control which is normal and abnormal, the assay
technique is endpoint assay, lower detection limit 0.146mg/dl, measuring range 0.146-
38mg/dl, working solution R1 120uL" And R2 24pL, reference interval: adult up to 1.2mg/dI
and newborn up to 17mg/dl, correlation: Y=0.993x+1.20, r=1.0, interference-hemolysis,
lipemic sample, drug, company: Roche diagnostic GmbH, Sandofer Strasse 116, D-68305
Mannheim USA, lot No-64690501,exp date 21/05/2024.

Direct bilirubin

Control should include a set of control which is normal and abnormal, assay technique is
endpoint assay, measuring range 0.08- 13.8 mg/dl, lower detection limit 0.07mg/dl, working
solution R1 120uL™ And R2 24pL, correlation Y=0.993x-0.158 r=0.999, Reference interval
0-0.2mg/dl, interference: hemolysis, lipemic sample, company: Roche diagnostic GmbH,
Sandofer Strasse 116, D-68305 Mannheim USA, lot No- 63690301,exp date 21/05/2024(55).

Creatinine

Test principle-creatinine forms a colored orange-red complex in an alkaline picrate solution.
The difference in absorbance at fixed time during conversation is proportional to the
concentration of creatinine in the sample. Analytical Measurement Range: 0.10-30.51 mg/dL,
Reportable Range: 0.10-122.04 mg/d, Limit of Detection: 0.10 mg/dL, Reference Range:
Serum, adult male 0.67-1.17 mg/dL adult female 0.51-0.95mg/dL, Lot No-52763201, exp date
14/08/2024.
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Creatinine Picricacid Creatinine-picricacid complex
Urea

Test principle- the first reaction involves the hydrolysis of Urea by urease to yield
ammonium and carbonate as a product. During the second Reaction, in the presence of
glutamate dehydrogenase (GLDH) and the coenzyme NADH, 2-oxoglutarate reacts with
ammonium to produce L-glutamate. The reaction involves the oxidation of two moles of
NADH to NAD+ for each mole of urea hydrolyzed. The rate of decrease in the NADH
concentration is directly proportional to the urea concentration in the specimen and is
measured Photo-metrically, lot No 63490701, exp date 14/08/2024(56).

Urease
(NH2)2C0 + 2 H20 » C02 + H20 + 2ZNH;

Urea Carbondioxide Water Ammonia

SOP for widal and salmonella stool antigen test

Equipment-O antigen suspension, H antigen suspension, test tube, mixer, normal saline,
Positive and negative control, Widal test card, applicator stick, serum sample, stool antigen test

strip, stool cup, timer

Principle of widal test
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Widal test is an agglutination test in which specific typhoid fever antibodies are detected by
mixing the patient’s serum with killed bacterial suspension of Salmonella carrying specific O
and H antigens and observed for clumping ie. Antigen-antibody reaction. The main principle of
Widal test is that if homologous antibody is present in patient’s serum, it will react with

respective antigen in the suspension and gives visible clumping on the test slide, card or test tube
Procedure of Widal test
Slide test

Place one drop of positive control to one reaction circles of the card.

Pipette one drop of negative control on the next reaction circle.

Pipette one drop of the patient serum to be tested onto another reaction circles.

Add one drop each of O or H antigens to the control and serum sample of the reaction circles.
Mix contents of each circle uniformly over the entire circle with separate mixing sticks.

Rock the slide, gently back and forth and observe for agglutination macroscopically within one

minute.
Tube test (titration)

Take 2 sets of 5 test tubes and label them 1 to 5 for O and H antibody detection.

Pipette into tube No.1 of all sets 1.95 ml of saline.

To each of the remaining tubes (2 to 5) add 1.0 ml of isotonic saline.

To tube No.1 tube in each row add 0.05 ml of the serum sample to be tested and mix well.
Transfer 1.0 ml diluted serum from tube no.1 to tube no.2 and mix well.

Transfer 1.0 ml of the diluted sample from tube no.2 to tube no.3 and mix well. Continue this
serial dilution up to tube no.4 in each set.

Discard 1.0 ml of the diluted sample from tube No.4 of each set.

Tube No.5 in all the sets, serves as a saline control. Now the dilution of the serum sample
achieved in each set is as follows: Tube No.: 1 2 3 4 5(control) Dilutions 1:40 1:80 1:160 1:320
To all the tubes (1 to 5) of each set add one drop of the respective Widal test antigen

suspension (O or H) from the reagent vials, mix well, and observe for agglutination.

Interpretation of Widal Test
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Slide test

% Agglutination is a positive test result and it indicates the presence of clinically significant
levels of the corresponding antibody in the patient's serum.
% No agglutination is a negative result and indicates the absence of clinically significant

levels of antibody in the patient's serum
Tube-method

% The titer in Widal test antigen suspensions is the highest dilution of the serum sample that gives

a visible agglutination.

Antibody titer greater than 1:80 is considered significant and usually suggests a positive test for

Salmonella infection(57).
Salmonella stool antigen test

The rapid Salmonella typhi card test is a qualitative immunoassay for the detection of Salmonella
in fecal samples. During the test, anti-Salmonella antibodies pre-coated on the membrane react
with Salmonella antigens in the sample. Approximately 150 mg/ml of fecal samples from different
parts were placed in buffer vials and shaken to disperse the samples well. Uncapped the vial and
placed exactly 4 drops into the sample well. The result read 10 min after dispensing the sample.

Interpretation

Positive result: A distinct pink-colored band appears on the test line regions and a pink line on the

control line region.

Negative result: No line appears in the test line region. A distinct pink line on the control line

region.

Invalid result: The control line next to the test line does not become visible within 20 minutes
after the addition of the sample(58).
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