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Defining urinary tract infection by bacterial colony counts: a case
for less than 100,000 colonies/mL as the threshold
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Many basic issues on making an accurate diagnosis of a uri-
nary tract infection (UTI) are controversial still today. This
might come as a surprise as UTIs are one of the most common
bacterial infections in childhood. I will here debate, with Dr.
Coulthard, which number of bacteria colony-forming units per
milliliter (CFU/mL) is required for a diagnosis of a UTI. My
opinion is that a rigid number of ≥ 105 colony-forming units
per milliliter (CFU/mL) risks missing 20% of true cases of
UTI in small children [1].

History

The concept of defining a UTI by bacterial numbers in the
urine and to use a cutoff level was suggested by Dr. Kass more
than 60 years ago [2]. He introduced his new definition in a
scientific study to be certain that he only included true cases of
infection and he was aware that this cutoff did exclude some
women with true infections and lower bacterial counts [3].

The level of ≥ 105 CFU/mL was challenged already 30–
40 years ago. Stamm noted that these criteria would exclude
many women from a correct diagnosis of cystitis with only
51% identified when ≥ 105 CFU/mL was used [4]. He recom-
mended a very low level of ≥ 102 bacteria/mL. Low counts of
bacteriuria, > 102–104, were also found by Kunin in 45.8% of
women with urinary symptoms [5].

What decides the bacterial numbers found
in the laboratory?

The number of bacteria growing on the culture medium in the
laboratory depends on many different factors. The incubation

time of the bacteria in the urine bladder will define the number
of cycles of bacterial replication and thus the number of bac-
teria in the child’s urine. Frequent bladder emptying as in
infants or in children with frequency as a cystitis symptom
will thus reduce bacterial numbers. The mode of transporta-
tion of the bacteria to the laboratory is crucial to obtain a
correct culture result. The bacteria can die during transport
but also multiply markedly. Cooling is the most commonly
used way to preserve the bacteria but different preservatives
can be added to the sample.

Different kinds of agar plates are used in the laboratory.
The most common are CLED, blood, and McConkey agar.
They are promoting the growth of the bacteria commonly
causing UTI while other bacteria that are found less often in
UTIs might grow slowly or not at all on these media [6]. This
is in most cases beneficial as these latter bacteria are less likely
to cause a true infection. Unfortunately, when a UTI is truly
caused by such an unusual bacteria then the likelihood of a
urinary tract malformation is much higher and these infections
are thus very important to diagnose [7].

A very drastic example showing the importance of trans-
port and laboratory practices was recently seen in the DUTY
study of 7163 children in general practice in the UK. These
children had their urines sent simultaneously to two different
laboratories: one NHS laboratory and one research laboratory.
Two- to three-fold differences in the number of positive cul-
tures were found between the two different laboratories [8].

What does research show us?

In a recent study, 430 infants were diagnosed with a symp-
tomatic UTI with supra-pubic aspiration (SPA). In 83 (19%)
of the infants, the bacterial cultures showed fewer than
105 CFU/mL [9]. In a further seven studies on 1587 children,
mainly infants, 290 (18%) would have been misdiagnosed as
not having a UTI if the conventional cutoff level had been
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used. The false negative rate of the clean catch or bag culture
in these studies ranged between 7 and 29% [10–16].

Dr. Coulthard claims that only studies where two parallel
cultures were done can give us knowledge on this topic. This
might be an optimal approach but would ignore the above
eight very important studies.

What do modern guidelines recommend?

Most modern guidelines do not discuss this problem in any
great detail. Different cutoff levels are however often recom-
mended for samples collected with SPA, catheterized samples
and urine collected outside of the child with a bag, urine pad,
or a clean-catch sample. Non-invasive cultures typically are
regarded as positive if they grow ≥ 105 CFU/mL while the
growth of any bacteria is regarded as significant if collected
with a SPA. Recommendations for catheterized samples vary
between 103 and 104 CFU/mL [17, 18]. Some guidance like
that of the American Academy of Pediatrics recommends low-
er cutoff, 5 × 104 CFU/mL, for all cultures [19].

Does the cutoff level really matter?

Any test done in medicine will have false positive and false
negative results. A cutoff limit of ≥ 105 CFU/mL will have a
low number of false positive cases; not too many children will
be wrongly treated and investigated for a UTI [20]. But as
many as 20% of children with a true UTI will show a false
negative result and not in time get the treatment that they need
and thus increasing their risks of developing post-infectious
renal scarring.

Scientific studies will also become biased if the definition
of true infection is incorrect. Many studies on DMSA uptake
defects and blood inflammatory markers in small children
show unexpected findings that partly can be explained by
these problems.

Unfortunately, the opposite will become true if we lower
the cutoff level for significant growth. Many more children
will be falsely diagnosed with a UTI. This will lead to unnec-
essary treatment and investigations.

My recommendations

Dr. Coulthard shows interesting data but they are not enough
for me to discard the evidence that I have presented above. It
does, to me, however not make biological sense to base a
medical diagnosis on a single cutoff level. Such strict levels
do not exist anywhere else in medicine. I would still want to
keep the present cutoff as the general recommendation for

making the UTI diagnosis. It is very well established and
helpful in most cases.

We doctors do however always need to be good clinicians.
This means to use all important information, both clinical
findings and results from urine and blood tests to make the
best possible diagnosis. This will include symptoms and signs
of any other infection, knowledge of the previous history,
inflammatory markers, like CRP and procalcitonin, and urine
findings of leucocytes and a positive nitrite test [21]. A low
bacterial count will not stop me from making a diagnosis of
UTI if the other findings are in favor of that diagnosis.
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