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Abstract

Urine examination has been employed in clinical practice as the most common screening
laboratory method for early detection of urinary tract infections (UTIs) or renal disorder. This
study was undertaken to ascertain the usefulness of urine macroscopy and microscopy as vital
screening procedure for diagnosing UTI among antenatal patients in a teaching hospital in
Awka, Nigeria. Freshly voided midstream urine specimens of 269 pregnant women were
collected and examined using macroscopic, microscopic and culture methods. The sensitivity,
specificity, positive predictive value and negative predictive value of urine colour, and
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microscopic features were compared with urine culture in diagnosis of UTI. Statistical
analysis was done using SPSS and Epi info® and P-value was set at <0.05 significant level.
One hundred and seven specimens showed positive urine cultures. Out of these 107
specimens, 60 (56.1%) also had deviation from normal urine colour and 77(72%) were
positive on urine microscopy. Macroscopic examination showed that a significant
relationship exists between urine colour and positive urine culture (p=0.0001). The sensitivity
and specificity of urine colour with respect to UTI were 56.7% and 67.9% respectively. Urine
microscopy revealed that the positive features had a significant relationship with positive
urine culture (p= 0.000). Pyuria alone showed the specificity and positive predictive value of
100% each. The sensitivity, specificity, positive predictive value and the negative predictive
value of combination of positive microscopic features were 72%, 64.8%, 57.5% and 77.8%
respectively. Examination of colours and microscopic features of urine are therefore vital in
predicting urinary tract infection.

Keywords: renal disorder, microscopic features, urine culture, antenatal, pyuria, midstream
urine

1. Introduction

Urinary tract infection (UTI) can be caused by the presence and growth of microorganisms in
the urinary tract (Fazeela et al., 2015). Anatomically, UTI can be classified into lower urinary
tract infection involving the bladder and urethra and upper urinary tract infection involving
the kidney, pelvis, and ureter (Parveen et al., 2011). Urinary tract infections could be acquired
from hospitals (nosocomial infections), among patients admitted in hospitals and also from
community settings (Willey et al., 2008; Boye et al., 2012). UTI accounts for 35%
nosocomial infection and is the second cause of bacteraemia in hospitalized patients (Alemu
et al., 2012). Community acquired urinary tract infection (CA-UTI); could therefore be
defined as an infection of the urinary tract that occurs in the community or within less than 48
hours of hospital admission and was not incubating at the time of hospital admission (Kabugo
et al., 2016).

Urinary Tract Infection is one of the common bacterial infections that complicates pregnancy
(Onoh et al., 2013) hence the reason for choice of pregnant women as the study group in this
research. In pregnancy, UTI may be symptomatic, commonly manifested as urethritis, cystitis
(inflammation of the bladder) or pyelonephritis (kidney inflammation); or it may remain
asymptomatic (Parveen et al., 2011; Boye et al., 2012). Untreated asymptomatic bacteriuria is
however a risk factor for acute cystitis (40%) and pyelonephritis (25-30%) in pregnancy
(Alfred et al., 2013). Pregnancy enhances the progression from asymptomatic to symptomatic
bacteriuria which could lead to other adverse obstetric outcomes such as prematurity,
low-birth weight and higher fetal mortality rates (Getachew et al., 2012). In Nigeria, the
prevalence of UTI among antenatal patients has been reported in Benin, Ebonyi and
Nassarawa State as 13.8%, 55% and 62.67% respectively (Alfred et al., 2013; Onuoha and
Fatokun, 2014; Ajide et al., 2016).

The examination of urine (urinalysis) has been used as one of the most common screening
methods to diagnose any disorder of the urinary tract. For urine to be adequately examined, the
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macroscopic and microscopic examination as well as culture must be conducted on such urine
specimen (Charlotte et al., 2019; Mina et al., 2017; Alfred et al., 2013). Some researchers were
of the view that any number of organisms in urine that is equal to or greater than 10%cfu/ml can
result to UTI (Ahmed et al., 2016; Olga et al., 2015; Getachew et al., 2012).

Normal freshly-voided urine is pale yellow to deep amber in color (Boye et al., 2012).
Cloudy urine may indicate an infection of the urinary tract (Foot and Fraser, 2006). Pale
yellow and clear urine is usually associated with increased production of dilute urine whereas
deep yellow concentrated urine occurs as a result of dehydration with free water conservation
(Foot and Fraser, 2006). Foot and Fraser (2006) also reported that large volumes of dilute
urine can be produced as a result of conditions like diabetes insipidus and pale urine can also
be seen after catheters are flushed and sterile water drains into the catheter collecting chamber.
Turbidity or cloudiness may be caused by excessive red blood cell, cellular materials or
protein in the urine (Fazeela et al., 2015). Red/blood stained urine commonly result from
renal calculi, urinary tract infection, and malignancy (Yun et al., 2004; Cheesbrough, 2006).
In some cases fresh blood may arise from perineal sources (for example, haemorrhoids,
menstrual blood) and this should be distinguished from renal causes (Foot and Fraser, 2006).
Hence, macroscopic haematuria should always be investigated (Yun et al., 2004).

The urine culture is a gold standard diagnostic test for asymptomatic bacteriuria (Mina et al.,
2017; Alfred et al., 2013), but it is expensive and time-consuming; the result may only be
ready after about 48 hours. Some inexpensive screening methods (involving dipstick test and
microscopy) are useful in fast detection of people who are at high risk of UTI (Kabugo et al.,
2016; Agbagwa and Ifeanacho, 2015). Several research findings at Ghana (Donkor et al.,
2019), Cameroun (Charlotte et al., 2019), Iran (Mina et al., 2017), Kenya (Nabbugodi et al.,
2015) and Benin (Alfred et al., 2013) have reported on the use of routine macroscopy and
microscopy to screen for UTI in pregnancy. It is vital to ensure that pregnant women attain
the highest level of health because this goes a long way to determine the outcome of
pregnancy (Alfred et al., 2013). There is paucity of data on using simple urinalysis as a
screening method for UTI among pregnant women in Awka. Studies done at some cities in
Nigeria like Port Harcourt, Abuja and Benin adopted the dipstick test and microscopy to
screen for UTI (Agbagwa and Ifeanacho, 2015; Amaeze et al., 2013; Alfred et al., 2013).
None of these studies established any relationship between urine colour and positive urine
culture. This study therefore intends to address the usefulness of urine colour and microscopy
as vital rapid screening tests that may be used to predict UTI.

2. Materials and Methods
2.1 Study Site and Specimen Collection

This study was conducted on antenatal patients at Chukwuemeka Odumegwu Ojukwu
University Teaching Hospital in Awka, Nigeria. Awka is the capital city of Anambra State in
south eastern Nigeria. Awka lies on the longitude 7*4 20.1972'E and latitude 6 12 37.9008' N.
Besides being one of the five biggest predominantly Igbo cities in Nigeria, the city is an
important trade and educational center. It houses one of the largest and foremost hospitals
(now teaching hospital) in the state - Chukwuemeka Odumegwu Ojukwu University Teaching
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Hospital. It is serving as a referral center for Hospitals in Anambra State and beyond. There
are various specialist units in the hospital including Obstetrics and Gynaecology, Internal
Medicine, Paediatrics, Surgery and Pathology.

The study with a reference number (COOUTH/AA/VOI.1.010) was approved by the ethical
committee of the hospital. The study was carried out over a period of nine months from 11
of March to 31 December, 2016. A total of 269 pregnant women were randomly selected for
the study. These were outpatients attending antenatal clinic. They included those women who
have not taken antibiotics within 2 weeks before presentation at the clinic and were willing to
participate in the study. Clean catch midstream (morning) urine specimens were used for the
study. Sterile leak-proof specimen bottles (which have been previously labeled) were
distributed to the women after they were instructed on how to collect such specimen (which
involves the initial cleaning of the urethral area with clean water) and the importance of clean
catch midstream urine in the study. The specimens were transported to the laboratory in
specimen box containing ice pack (Kabugo et al., 2016; Emiru et al., 2013) and analyzed
within 1-2 hours of collection (Cheesbrough, 2006; Onoh et al., 2013; Kabugo et al., 2016).

2.2 Laboratory Analysis of Urine Specimens
2.2.1 Macroscopic Analysis

The part of macroscopic urinalysis employed in this study was visual observation for
turbidity. The urine specimens were examined and the results of macroscopic properties
recorded in terms of colour, clearity and cloudiness as has been described (Charlotte et al.,
2019; Kabugo et al., 2016; Fazeela et al., 2015; Amaeze et al., 2013). Urine specimens whose
colours showed amber, pale and deep yellow but clear were regarded as normal, while
specimens that showed amber to deep yellow but cloudy, colourless and red/blood stained
were regarded as abnormal (Fazeela et al., 2015; Amaeze et al., 2013; Boye et al., 2012).

2.2.2 Microscopy

Urine microscopy was carried out by using wet preparation to detect presence of pus cells (i.e
white blood cells), red cells, casts, parasites, yeast cells, crystals, bacterial cells (since the
urine were freshly collected). The preparation and examination of wet preparation was done
using the guidelines given by Cheesbrough (2006) as follows:

Approximately 10 ml of well mixed urine was aseptically transferred to labeled conical tubes.
The tubes were centrifuged at 1000 revolutions per minute (rpm). The supernatant fluid was
transferred into another container. The sediment was re-mixed by tapping the bottom of the
tube. One drop of the well mixed sediment was transferred to a clean slide and covered with a
cover slip. The preparation was examined microscopically using the X10 and X40 objective
lenses. Reports were given based on the specification given by Cheesbrough (2006), Alfred et
al., (2013), Ince et al., (2016) as follows:

Pyuria is the presence of >10 pus cells or white blood cells per high power field (hpf) of urine
sample, >1 bacteria, presence of fungi, parasites, presence of significant crystals (eg cystine)
or a large number of crystals.
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2.2.3 Urine Culture

The urine was cultured using a calibrated wire loop technique as described by Cheesbrough
(2006). The loop used transfers an inoculum of 0.002ml. The calibrated loop was used
aseptically to transfer specimens on Cystein Lactose Electrolyte Deficient (Rapid Labs)
media and incubated aerobically at 37 <C for 18-24 hours (Cheesbrough, 2006; Donkor et al.,
2019). Following incubation, significant bacterial growth was taken as any count of uniform
colonies equal to or in excess of 10* CFU per milliliter of urine (Alao and Akintunde, 2012;
Emiru et al., 2013; Akter et al., 2014; Mina et al., 2017). The colony count/bacterial numbers
were estimated using a simple Mathematical method (Cheesbrough, 2006).

2.3 Statistical Analysis

Data were coded, entered and analyzed using Statistical Package for Social Science (SPSS),
version 22, EPI Info® version 7.2.1.0. Study findings were explained in words and tables.
Results/ proportions for categorical variables were compared using percentages, 2x2 tables
and chi square test. In all cases, P-value less than 0.05 was taken as statistically significant.
The sensitivity, specificity, positive predictive value and negative predictive value were
calculated as described by Nabbugodi et al. (2015): Sensitivity = A/A+B X 100, Specificity =
C/C+D X 100, Positive predictive value = A/A+D X100 and Negative predictive value =
C/C+B X100. Where A=total number of positive urine microscopy that are UTI positive, B
=number of positive microscopy that are negative for UTI, C= total number of negative
microscopy that are UTI negative and D= number of negative microscopy that are UTI
positive.

3. Results

Out of the 269 antenatal patients examined, 107 (38.7%) had positive urine cultures. Out of
107 women who had positive urine cultures, 60(56.1%) also had deviation from normal urine
colour and 77(72%) were positive on urine microscopy. The urine colours observed in this
study ranged from pale yellow, deep yellow, amber, colourless to red (Table 1). The higher
percentage 157(58.4%) of urine samples were within the normal urine colours, while
112(41.6%) had deviation from normal urine colours of all the specimens. A higher
percentage of women whose urine colour deviated from normal had positive urine cultures
and this was statistically significant (p=0.0001) (Table 2).
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Table 1. Macroscopic characteristics of urine specimens

Variable/ Categories Frequency (%) Urine culture
Appearance Negative (%) Positive (%0)
Amber , clear 131(48.7) 87(64.4) 44(33.6)
Amber Amber, slightly cloudy 14(5.2) 7(50) 7(50)
Amber, cloudy 68(25.3) 29(42.6) 39(57.4)
Pale yellow, clear 19(7.1) 16(84.2) 3(15.8)
Pale yellow Pale yellow, slightly cloudy 1(0.4) 0 1(100)
Pale yellow, cloudy 11(4.1) 2(18.2) 9(81.8)
Deep yellow, clear 7(2.6) 4(57) 3(43)
Deep yellow Deep yellow, slightly cloudy 2(0.7) 1(50) 1(50)
Deep yellow, cloudy 4(1.5) 2(50) 2(50)
Colourless Colourless, clear 11(4.1) 6(55) 5(45)
Red Red/ blood stained 1(0.4) 0 1(100)

Table 2. Sensitivity, specificity, and predictive values of urine colour tests in diagnosing UTI

Prevalence of UTI (%0)

Urine Colour " : Total P-value
Positive Negative

Normal 47 (29.9) 110 (70.1) 157 (58.4)

Deviation 60 (53.6) 52 (43.4) 112 (41.6) 0.0001

Total 107 (39.8) 162 (60.2) 269 (100.0%)

Microscopic examination of urine samples revealed that 7(2.6%) had significant pyuria out of
the 269 samples examined, though 4 out of the 7 specimens occurred in combination with
other features. The sensitivity and specificity of pyuria in our study were 6.1% and 100%
respectively while the positive predictive value and negative predictive value were 100% and
50% respectively. Statistically, there was a significant relationship between pyuria and
positive urine cultures.

The percentage of other features observed microscopically (which occurred singly and not in
combination) include epithelial cells, bacteria cells, crystals, yeast cells, pus cells and
crenated red cells (Table 3). The crystals observed include calcium oxalate (31:91.2%), triple
phosphate (1:2.9%) and cysteine crystals (2:5.9%).

Out of the 269 specimens tested, 43(15.9%) showed more than one positive microscopic
features, and out of these 43 specimens, 28 (65.1%) were positive for UTI while 15(34.9%)
where negative for UTI. Among 135(50.2%) urine specimens which did not show any
microscopic feature, a higher percentage 105(77.8%) was observed among the women
without positive urine cultures compared to those with UTI 30(22.2%). The relationship
between positive microscopic features and prevalence of UTI observed in this study is
statistically significant (p =0.000, Table 3). The sensitivity, specificity, positive predictive
value and the negative predictive value of combination of positive microscopic features were
72%, 64.8%, 57.5% and 77.8% respectively (Table 4).
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Table 3. Microscopic examination of urine specimens with respect to UTI

Urine culture (%)

Microscopic features — . Total P-value
Positive Negative

Epithelial cells 25(47.2) 28(52.8) 53(19.7)

Bacterial cells 14 (87.5) 2 (12.5) 16 (5.9)

Crystals 3(23.1) 10 (76.9) 13 (4.8)

Yeast cells 4 (80.0) 1 (20.0) 5(1.9)

Pus cells 3(100.0) 0 (0.0) 3(1.1)

Crenated red cells 0(0.0) 1(100.0) 1(0.4)

None 30(22.2) 105(77.8) 135(50.2)

>1 Microscopic/Combination of 28(651) 15(349)  43(15.9) 0.000

features

Total 107(39.8) 162(60.2) 269(100.0)

NOTE: the frequencies captured in the table represent the number of specimens that tested
positive for each/combination of feature(s).

Table 4: Sensitivity, specificity and predictive values of urine microscopy test in diagnosing
UTI in antenatal women

Urine culture (%)

Urine microscopy Positive Negative Total
Positive 77 (72) 30(28) 107 (39.8)
Negative 57 (35.2) 105 (64.8) 162 (60.2)
Total 107 (39.8) 162 (60.2) 269 (100.0%)

Keys: Sensitivity =77/77+30x100= 72%

Specificity =105/105+57x100= 64.8%

Positive predictive value= 77/77+57x100= 57.5%
Negative predictive value= 105/105+30x100= 77.8%
4. Discussion

Macroscopic analysis of urine samples conducted in this study showed urine colours that
ranged from pale yellow, amber to red which is in line with the findings of some other
researchers (Agbagwa and Ifeanacho, 2015; Kabugo et al., 2016). The normal urine color,
ranges from pale yellow to deep amber and this is as a result of the pigment called urochrome
as stated by Boye et al. (2012) and Foot and Fraser (2006). However, deviation from the
normal color extremes (pale yellow — deep amber) could be as a result of disease conditions
(Cheesbrough, 2006) or as result of excessive red blood cell, cellular materials or protein in the
urine (Fazeela et al., 2015). These deviations however, are observed in this study as normal
urine colours that are cloudy, colourless and red with percentage of 112 (41.6%) and this is
consistent with the findings of Boye et al. (2012) and Amaeze et al. (2013). Higher prevalence
of positive cultures was observed among the women with deviation from normal urine colours
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60 (53.6%), while 52 (46.4%) women from the same group were negative for UTI and this
difference was statistically significant (P = 0.0001). This finding is in accordance with
Cheesbrough (2006) and that deviation from normal urine colours could be an indicator for an
existing infection or diseased condition. Urine colour appeared statistically significant in this
research as an indicator suggesting an existing disease condition but the specificity is not up to
100%. The specificity is 67.9% and this means 32.1% of the women will need confirmatory
testing with urine culture. Also a negative predictive value of 70.1% was obtained for urine
colour in this study. This value is high and means that such percentage of women with negative
test result will probably not have UTI and this gives credibility to the use of deviation from
normal urine colour as an indicator of an existing disease condition. Majority of the women in
this study had deviation from normal urine colours probably because of other pigments
excreted in their urine (Foot and Fraser, 2006) like glucose and amino acid (Boye et al., 2012).
These pigments were not detected in this study as we did not carry out dip stick urinalysis. A
milky appearance (which is a deviation from characteristic colour of urine) may also arise with
lipiduria, chyluria, and urinary tract infection with neutrophilia (Foot and Fraser, 2006).

In our study, Pyuria alone showed specificity of 100% while the positive predictive value and
negative predictive value were 100% and 50% respectively. The specificity and positive
predictive value of pyuria suggest that none of the women with negative urine culture will need
confirmatory testing with urine culture. A study carried out at Iran reported lower values (64%
and 16%) for specificity and positive predictive values respectively for pyuria while the
sensitivity and negative predictive values were 100% each for pyuria (Mina et al., 2017).
Pyuria and positive urine cultures have a significant relationship, and with the 100% specificity
obtained in this study, it can be considered for use in rapid diagnosis of UTI. Lentz (2009) has a
similar view and stated that microscopic urinalysis is the most accurate means of detecting
pyuria, and the most valuable rapid test in diagnosis of UTI. There is however, need for caution
and setting of standard in the use of pyuria as a rapid diagnostic method in detecting UTI. This is
because the use of >10 pus cells for a positive pyuria showed higher specificity (100%) and
positive predictive value as shown in this work but use of >5 pus cells showed lower specificity
and positive predictive value as obtained in other works (Mina et al., 2017, Alfred et al., 2013)

A greater percentage (77.8%) of the women without any of the microscopic features, had no
significant growth in their urine cultures compared to only 28% of no significant growth in
those with microscopic features. From this, it could be inferred that presence of significant
numbers of microscopic features in urine is an indicator for UTI as has been reported
(Cheesbrough, 2006; Alfred et al., 2013; Mina et al., 2017). There is however, a significant
relationship between the microscopic features observed in this study and the prevalence of
UTI. The combination of these microscopic features also showed high prevalence of UTI in
this study which also strengthens the above report on the presence of significant number of
microscopic features as an indicator of UTI.

The high sensitivity and specificity of urine microscopy obtained in this study is comparable
to studies done at Kenya that reported sensitivity and specificity of 67.5% and 88.2%
respectively (Nabbugodi et al., 2015). A higher sensitivity of 90.9% was also obtained in
Benin City, Nigeria (Alfred et al., 2013). A high negative predictive value for microscopy
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(77.8%) obtained in this study, implies that such percentage of patients with negative test
results are very unlikely to have UTI. The value is however lower than that obtained at Benin
(Alfred et al., 2013) and Iran (Mina et al., 2017).

The overall prevalence of UTI in this study is high and of great concern. Pregnancy is one the
factors that predispose to UTI due to ureteral dilation, urinary stasis (abnormalities in the
structure of urinary outflow tract that may result in incomplete emptying of the bladder),
reduced immune function, and presence of vesicoureteric reflex (backward flow of urine
from bladder into the kidney) and difficulty with hygiene due to a distended pregnant belly
(Onoh et al., 2013; Ajide et al., 2016). It has also been reported that up to 70% of pregnant
women develop glycosuria, which encourages bacteria growth in urine (Alemu et al., 2012;
Getachew et al., 2012).

5. Conclusion and Recommendation

There is a significant relationship between urine colour, urine microscopy, and positive urine
cultures in urinary tract infection (UTI). Urine colour and urine microscopy (particularly
pyuria) tests had high sensitivity and specificity in screening for UTI. Such urinalysis
methods which are inexpensive and less time consuming should be employed as a routine
screening procedure for UTI in developing countries. The usefulness of macroscopic and
microscopic examination of urine cannot be overemphasized in predicting UTI, more so in
developing countries like Nigeria where financial constraint has made it practically
impossible to use urine culture as a routine screening among pregnant women.

There is need for a particular standard to be adopted for significant pyuria as a screening
method for UTI.
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