





























































































































ventilation. Both recovered to discharge despite consistent hypocortisolaemia for the duration of

the study period.

A boxplot is presented below to demonstrate the higher admission serum concentrations with a

wide range, in comparison to the 12-, 24-, and 36-hour time points.
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Figure 5: A clustered boxplot of serum cortisol concentration in nmol/L at admission, and at 12, 24 and 36 hours post
envenomation. The line in the middle of the box represents the median, with the box itself representing the interquartile range(IOR).
The whiskers extend to the upper and lower fence values.The dots represent outliers that fall outside 1.5 times the IQR.
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4.3.4 C-Reactive Protein

Although CRP formed part of the secondary hypotheses of this study, correlations with endocrine
variables were performed to gain insight into the endocrine pathophysiology of Puffadder and
snouted cobra envenomation. The reporting will be minimal in this dissertation, but previous
publications on the dataset can be consulted for in-depth analysis(16, 19, 44, 45). The basic results
are thus presented for contextualization of above endocrine findings. The descriptive statistics for
serum CRP concentration are presented in table 6. The results of interpretive statistics will be

presented thereafter.
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Table 6: Descriptive statistics of serum CRP concentrations over time. Median, lower quartile(Q1), and upper quartile(Q3) values
are given in mg/L. One asterisk (*) indicates a significant difference in comparison to control dogs at a significance level of
P<0.05. Two asterisks (**) indicate a significant difference in comparison to control dogs at a significance level of P<0.01.
“Cases” represent the combined puffadder and snouted cobra envenomation groups.

Time since envenomation

Admissi 12h post 24h post 36h post
mission . . )

envenomation envenomation envenomation
CRP (mg/L) CRP (mg/L) CRP (mg/L) CRP (mg/L)

Median (Q1-Q3) Median (Q1-Q3) Median (Q1-Q3) Median (Q1-Q3)

Cases 64.68** (57.86 - 61.73** (51.58 -56.67* (5.10 -

(n=17) 5-10(5.10-8.93) 90.18) 77.94) 61.24)

Controls

(n=13) 5.10(5.10-5.10) - - -

Puffadder 264.5 (173.0 -114.5** (68.0 -128.5** (88.3 -80.3* (63.7 -

(n=8) 338.0) 184.0) 188.5) 134.0)

Snouted 163.0 (136.0 -87.6* (30.9 -69.8* (469 -133.0* (384 -
Group Cobra (n=9) 483.0) 191.0) 117.0) 372.0)

Neurological 62.98 (55.32 -9327 (77.94 -510 (510 -

Snouted 5.10 (5.10 - 5.10) 80.07) 115.03) 60.96)

Cobra (n=5) ' ' '

Non-

Neurological 62.68 (43.09 -60.99 (31.08 -3509 (6.88 -

Snouted i 114.51) 70.97) 81.06)

Cobra (n=4)
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The CRP of the combined case population was significantly higher than that of the control
population at 12- (P<0.001), 24- (P<0.001), and 36 (P<0.01) hours post-envenomation. The
neurological cobra subgroup showed the highest peak in CRP serum concentrations at 24 hours
post-envenomation, which was significantly higher than the puffadder (P<0.001) and non-
neurological cobra(P<0.01) groups at that time point. The puffadder and neurological cobra
subgroup median serum CRP concentrations were also significantly higher than controls at 12-
(P<0.01), 24- (P<0.001), and 36- (P<0.05) hours post-envenomation. The non-neurological cobra
subgroup was only significantly higher than controls at 12- (P<0.05) and 24- (P<0.001) hours post
envenomation. The puffadder and neurological cobra subgroups showed a significant increase
between admission and 12- (P<0.001), as well as 24 (P<0.001) hours post-envenomation. A

sharper decrease was seen between the 12- and 36-hour time points (P<0.05) in both cobra

subgroups.
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Figure 6: Clustered boxplot of serum CRP concentration (in mg/L) at admission, and at 12, 24 and 36 hours post envenomation.
The line in the middle of the box represents the median, with the box itself representing the interquartile range(IOR). The whiskers
extend to the upper and lower fence values.The dots represent outliers that fall outside 1.5 times the IOR.
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4.3.5 Correlations

A weak significant negative correlation was found between serum TT4 and CRP concentrations
(P<0.05). The Spearman’s rho value was calculated as -0.326 for this correlation (P<0.05),
classifying it as a weak correlation. The serum cortisol and CRP concentrations were also weakly
correlated (Spearman’s rtho=-0.211), but this correlation failed to reach significance.

The correlations between other variables, TSH and CRP, cortisol and TT4 and even TT4 and TSH

also failed to reach significance.
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Chapter 5: Discussion

This study presents the first description of the longitudinal changes in serum TT4, TSH, and
cortisol concentrations in response to canine Puffadder and snouted cobra envenomation. A
significant suppression of serum TT4 concentrations were observed at all time points in the study
population. Additionally, the association of TT4 suppression and degree of systemic inflammation

as represented by serum CRP concentrations has not previously been demonstrated in dogs.

The longitudinal changes seen in Puffadder and snouted cobra envenomation are rapid, reflecting
a more toxic nature (87) in contrast to most longitudinal endocrine studies that have been
performed on infectious disease models (95, 99, 110, 130). This comparative model emphasises
the scarcity of longitudinal data in critical illness endocrinology, which likely contributes to the

incomplete and contrived understanding thereof in the literature.

5.1 TT4 and TSH

Serum TT4 concentration changes induced by Puffadder and snouted cobra were characterised by
a significant suppression in comparison to control dogs at every time point, from admission to 36
hours post-envenomation. This demonstrates a longer lasting suppression than what has been
reported for experimental endotoxin(87). The significant suppression seen in the combined case
population was repeated in the puffadder subgroup at every time point, and in the neurological
cobra subgroup from 12- to 36 hours post envenomation. The non-neurological cobra subgroup
deviated from this pattern, with an early normalisation of serum TT4 concentrations between 12-
and 24-hours post-envenomation. In this non-neurological group as a lower severity subgroup, the
early recovery from NTIS might indicate that sustained serum TT4 suppression is associated with
severity of the underlying condition.

In a dog bite study the onset of serum TT4 concentration suppression was similar to this study
with a nadir at 16 hours, but the suppression was sustained - only reaching normal reference
interval by 72 hours (92). Due to the limited duration of the current study, the timing of TT4
normalisation could not be evaluated. Another study on diverse mild nonthyroidal illness reported
the lowest TT4 concentrations at admission, but in that study the time since onset of disease could
not be standardised (88). In experimental babesiosis the first significant decrease compared to

controls was only seen at 72 hours post infection, which lasted until 192 hours post infection (95).
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Although this infectious disease model seems to have a later nadir in TT4 concentrations, the time
taken for parasitaemia to develop after experimental inoculation must be factored in, which
complicates comparison to Puffadder and snouted cobra envenomation. In our study, the serum
TT4 concentration suppression preceded the first spike in serum CRP concentration, with the TT4
already demonstrating significant suppression in comparison to control dogs at admission, and the
CRP only increasing significantly at 12 hours post-envenomation.

A weak significant negative correlation between serum TT4 concentration and systemic
inflammation was demonstrated in the current study. Another longitudinal study on parvoviral
enteritis found an negative correlation between serum TT4 concentration and the presence of SIRS,
regardless of the day of hospitalisation (86). SIRS serves as a less specific, but more sensitive
barometer of systemic inflammation, which thus concurs with the current findings. This negative
correlation between serum TT4 and CRP concentrations is a significant finding that provides
insight into the pathophysiology of NTIS, since the development and progression of NTIS, as
demonstrated in this study, is correlated to the degree or severity of host inflammatory response.
The relative inflammatory nature of envenomation has been established in murine studies (34). It
has also been established in experimental studies that inflammation is a key element in the
pathogenesis if NTIS (68, 131-133). Several studies on NTIS have found both inflammatory
markers and NTIS to be associated with severity in septic patients (134-136). In human patients
with systemic lupus erythematosus the development of NTIS has been associated with
inflammatory activation (137). In geriatric human patients with pneumonia serum CRP
concentration was found to be significantly higher in patients with NTIS (138). One paediatric
study reported a significant negative correlation between free triiodothyronine and CRP (139).
Puffadder envenomations are known for a greater degree of inflammatory activation (5, 16, 24).
In this study, however, the increase in serum CRP concentration, as well as the decrease in serum
TT4 concentration were more pronounced in the neurological cobra subgroup, considered a
clinically severe subgroup. Similar patterns are seen in other studies, where sustained suppression
of serum TT4 concentration seems to be present in populations with more severe disease. In
parvoviral enteritis, serum TT4 concentrations in the survivors started increasing earlier, with non-
survivors showing a continued decreasing trend (99).

In addition to the above discussion on the marked suppression of serum TT4 concentration in dogs

with Puffadder and snouted cobra envenomation, much is to be said for the TT4-TSH dissociation.
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No significant suppression of serum TSH concentration was found in this study, either in
comparison to controls or to admission serum concentrations. Although serum TSH concentrations
are more likely to remain within normal limits regardless of the severity of disease (83), the
underlying pathophysiology remains to be explored in the veterinary field. A recent study of NTIS
in parvoviral enteritis demonstrated a similar dissociation, when the association of TSH with SIRS
failed in spite of SIRS being associated with serum TT4 concentration (130). NTIS is widely
defined as a decrease in free serum thyroid hormones in absence of a corresponding increase in
TSH (140, 141). While some studies demonstrated a suppression in TSH after interleukin injection
(141-143). It is rather in the recovery of NTIS that TSH plays an instrumental role, where TSH
elevation usually precedes serum TT4 concentration elevation (141). It is possible that this study
lacks either the size to detect the significance of the increase in neurological subgroup serum TT4
concentration between 12 and 24 hours post envenomation, or that this study’s duration was not
long enough to detect a recovery from NTIS that takes place later than 36 hours post envenomation.
In canine bite wounds, TSH serum concentrations remained within the reference interval
throughout the study period until 56 hours post bite, whereafter an increase in TSH, that was
significantly higher than admission serum concentrations, was observed (92). It is also possible
that Puffadder and snouted cobra envenomation does not cause significant TSH alterations. NTIS
is thought to consist of both central and peripheral alterations in the thyroid axis. This often
includes peripheral adaptations such as receptor expression, deiodinase activity, hormone binding,

and differential changes in tissue concentrations (68, 144, 145).
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5.2 Cortisol

Only the neurological cobra subgroup at admission showed significant elevation in serum cortisol
concentration at admission when compared to the control populations. The highest serum cortisol
concentrations in all groups were observed at admission, with concentrations at consecutive time
points being significantly lower than admission in the puffadder and neurological cobra subgroups.
Although admission was limited to within 6 hours of envenomation, it is possible that the peak
took place within 6 hours, and that this study lacked the temporal sensitivity to detect it. The
median total serum cortisol concentration in this study at the highest point was 483 nmol/L in the
neurological cobra subgroup, and 264.5 nmol/L in puffadder group. Dogs with bite wounds,
experimental babesiosis, and sepsis induced by Staphylococcus pneumoniae had peak median
serum cortisol concentrations of 314.6 nmol/L, 315 nmol/L, and >400 nmol/L respectively (92,
95, 110). Hypercortisolaemia is a consistent finding during the acute phase of other models of
acute critical illness, that is proportional to severity (82, 95, 99, 110, 111, 113-115). The
neurological cobra subgroup, with the highest median serum cortisol concentration, also had the
highest peak in serum CRP concentration, which might serve as barometer for severity, even in
the absence of a significant correlation between CRP and cortisol. Anecdotally, the patient with
the highest sustained serum cortisol concentration (579 nmol/L), also had the highest CRP
concentration at time point 36 hours (197.3 mg/L), and the lowest TT4 concentration (below the
minimum limit of detection). In the experimental babesiosis study, the single mortality also had
the highest serum cortisol concentration of 610 nmol/L (95). Although this case is an interesting
example, this study had insufficient power to correlate endocrine variables with mortality or
systemic inflammation. The HPA response observed in our study was also very acute, in
comparison to experimental babesiosis where the peak occurred at 96 hours post infection (95),or
Staphylococcus aureus pneumonia, where peak concentrations were reached at 24 hours post
pulmonary challenge(110). As previously mentioned, the time taken for the development of
parasitaemia is a significant confounder, which complicates such comparisons. In the study on dog
bite wounds, the highest serum cortisol concentrations were also observed at admission (92). The
longitudinal similarity between Puffadder and snouted cobra envenomation and traumatic bite
wounds may group Puffadder and snouted cobra envenomation as a traumatic, potentially painful,

acute phase response. This unique intersection of elevated yet rapidly normalising total serum
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cortisol concentrations in neurological snake-envenomed dogs makes for an interesting endocrine

model of peracute critical illness.

It must also be kept in mind that only total serum cortisol concentration was measured, and that
alterations in cortisol binding, receptor activity, and metabolism, as demonstrated in human critical

illness(104), might go undetected.

In humans, hypopituitarism is a rare yet established complication of snake, especially viperid,
envenomations(9). Two neurological snakebite cases in the database this study was based on
showed persistent hypocortisolaemia at every time point. Etomidate, an unrelated sedative-
hypnotic with its concomitant risk of iatrogenic cortisol and aldosterone suppression (146-148)
was not used. General anaesthesia was administered for intubation using propofol, but the other
ventilated patients (n=3) had total serum cortisol concentrations that were comparable to the group
median of the study population. Both these hypocortisolaemic patients survived to discharge and
failed to show overt hypoglycaemia or hypotension. In order to more thoroughly investigate these
cases the delta cortisol, and thus exogenous ACTH stimulation, should have been performed to
rule out CIRCI(149). If CIRCI was indeed diagnosed in such cases, response to corticosteroid
supplementation could have been evaluated. Given the fact that both animals survived and showed
a comparable clinical picture to the broader case population, it would have been difficult to
evaluate the survival benefit of such supplementation. Since the endocrine parameters were
batched and assessed after completion of the study, responsiveness of this case to glucocorticoid
supplementation could not be assessed, and further research is warranted to investigate the clinical

management of such hypocortisolaemic cases.

5.3 CRP findings

As a positive acute phase protein, the serum CRP concentration changes over time act as indicator
of inflammation. Systemic inflammation has been defined in terms of serum CRP concentrations,
with a threshold of 35 mg/L(150). Although CRP was not the main aim of the study, the most
important finding was that an inverse correlation between serum CRP and TT4 concentrations,

elucidating an underlying inflammatory component in the suppression of serum TT4
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concentrations seen in critical illness. The differing patterns in serum CRP concentration between
puffadder and cobra subgroups also provided insight into their corresponding TT4 oscillations, as

discussed above.

5.5 Correlation of variables

A clear, yet weak, negative correlation was observed between serum CRP and TT4 concentrations.
This correlates with the group differences seen above, where puffadder envenomations induced a
suppression of serum TT4 concentration that outlasted the suppression induced by cobra
envenomation. The relative inflammatory nature of envenomation has been established in murine
studies (34). Puffadder envenomations, as discussed in the literature review, are known for a
greater degree of inflammatory activation(5, 16, 24). This correlation of serum CRP concentration
as barometer of systemic inflammation, and TT4 concentrations thus imply an inflammatory
component in the development of NTIS. It is established in experimental studies that inflammation
is a key element in the pathogenesis if NTIS(68, 131-133). Several studies on NTIS have found
both inflammatory markers and NTIS to be associated with severity in septic patients(134-136).
In human patients with systemic lupus erythematosus the development of NTIS has been
associated with inflammatory activation (137). In geriatric human patients with pneumonia serum
CRP concentration was found to be significantly higher in patients with NTIS (P<0.05)(138). One
paediatric study found a significant negative correlation between free triiodothyronine and CRP
serum concentrations (139), and another found a clear correlation of both values with
mortality(151). This study thus aligns the findings in dogs with the sparse research available in
human NTIS and provides insight into the inflammatory nature of the endocrine changes

associated with critical illness.

In the correlation of total serum cortisol and serum TT4 concentrations, the Spearman’s tho only
reached -0.19(P >0.05), This is contrasted with another study on dogs with systemic inflammatory
response syndrome, where CRP serum concentrations and critical illness related corticosteroid
insufficiency were found to be significantly correlated(114). Serum TT4 and TSH concentrations
were also not shown to be significantly correlated, with a Spearman’s rtho 0of 0.042.  although an

established inverse correlation between these variables are to be expected in endocrinopathies(152,
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153). This highlights the need for larger studies on these correlations, due to the high possibility
of type II error. Interpreted in the context of greater total serum cortisol elevation in the puffadder
group, it is to be expected that the serum cortisol concentration elevations should have similar

correlation patterns to serum TT4 concentration changes.

5.6 Limitations

There were several limitations in the current study, mostly owed to its clinical, non-experimental
nature. The population size of the study is thought to be the most significant limitation. Especially
in studies where the differences in effect are expected to be small, a larger sample size is necessary
to detect it (154). The study was also limited by owner finances and consent that limited the
standardisation of the treatment protocol. The control groups of the study were also limited in their
health status, as ideally one would not only be able to compare snake envenomed animals to
healthy controls, but also to sick controls with an unrelated illness. In that way, the homogeneity
of the endocrine response to illness in general could be contrasted with disease-specific changes
in Puffadder and snouted cobra envenomation. Control groups were also limited in comparison to
more objective and robust reference intervals, but control groups allowed for interpretive statistics
to be performed, for example correlations between endocrine concentrations and CRP within the

control population.

The age of the data is a significant limitation. However, there are no other studies available on the
changes in serum cortisol, TT4 and TSH concentrations in snake envenomation, and the decreased
incidence of snake envenomation in recent years, owing to urbanisation, would hinder the
emulation of such a dataset. Moreover, Immulite 1000 assay used in this study shows very good
correlation with the newer Immulite 2000 chemiluminescent assays. Being a post-facto analysis
of prospectively collected data, most constraints of the age of the data could be mitigated. Inclusion
criteria and standardised protocols were part of the original study design, which prevented major
confounders in endocrine analysis. The minimum limit of detection on the TT4, although lower
than more modern assays, still resulted in many patients having serum TT4 concentrations below

the lower limit of detection. The second generation TSH assay used is known to lack the sensitivity
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required to detect fine oscillations in the HPT during critical illness. In humans, it is recommended

that TSH assays use in critical illness should have a detectable limit of 0.01 mU/L (141).

Another significant limitation that is especially relevant in such longitudinal studies is the variable
time periods that lapsed between envenomation and presentation. The median interval between
envenomation and presentation in the puffadder and cobra group was 1.5 (1-2) and 3 (1-4.5) hours
respectively. After admission, all time points were calculated from the time of observed
envenomation, and not from admission. This enabled the variance to be limited to the first time

point and not repeated at and between time points 12-, 24-, and 36-hours post envenomation.

Missing data was also a limitation present in this study due to its clinical nature. Mortalities earlier
in the study resulted in missing data at the later time point, and CRP values were missing for many
individuals at the first time point. Statistical methods that are proven robust in clinical settings

with missing data was used to minimize the impact of missing datapoints on the dataset in general.

The relatively short duration of the study period limited the longitudinal insight to be gained, since
the normalisation of TT4 could not be observed, or the timing thereof compared with other
longitudinal studies. A longer study period may have provided more insight into the longitudinal

endocrine changes associated with Puffadder and snouted cobra envenomation in dogs.
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Chapter 6: Conclusion

Puffadder (Bitis arietans) and snouted cobra (Naja annulifera) envenomations cause significant
endocrine disturbances in dogs. Furthermore, the most severe perturbations in both the HPA and
the HPT axes were seen in a subgroup of snouted cobra envenomed dogs showing neurological
signs. Significant suppression of serum TT4 concentrations, proportional to serum CRP
concentration elevations, were observed in the combined study population at every time point.
Non-neurological cobra envenomed dogs reached a milder and earlier TT4 nadir at 12 hours post-
envenomation and recovered by 24 hours post-envenomation. A complete lack of significance was
seen in TSH changes over time, which is discordant with the more defined serum TT4
concentration pattern observed. Only the neurological cobra subgroup at admission showed a

significant hypercortisolaemia when compared to controls.

Clinical implications, although not the main aim of the current study, include the prevalence of
isolated hypocortisolaemic dogs envenomed by snouted cobras. Clinicians might consider testing
HPA parameters in neurological snouted cobra-envenomed patients to screen for
hypocortisolaemia, although the supplementation of corticosteroids in cases of hypocortisolaemia
would be controversial. Another definitive clinical implication of this study would be the
ubiquitous presence of NTIS in snake envenomation, which should prevent the clinician from

making diagnoses of thyroid disorders in these dogs.

Puffadder and snouted cobra envenomation has been characterised as a model of peracute critical
illness characterised by distinct suppression in serum TT4 concentration , proportional to the
degree of systemic inflammatory activation that could contribute to the broader understanding of

endocrine allostasis in critical illness.

Future studies on the endocrine changes associated with snake envenomation would benefit from
interventional experimental designs, that would not only allow dynamic testing of HPA status, but
also evaluation of response to treatment in hypocortisolaemic animals. Larger studies performed
over a longer period would also be able to gain valuable longitudinal insight into the recovery of
snake envenomed dogs from the perturbations described in the current study. Similar to findings

in humans, snake envenomations make promising models for endocrine research, not only in the
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unique manifestations in minority patient groups, but also in the contribution to the broader

understanding of critical illness endocrinology.
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Annexure A: Ethics Approval
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UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA Faculty of Veterinary Science
Research Ethics Committee 10 August 2023
LETTER OF APPROVAL
Ethics Reference No REC089-23
Protocol Title Endocrine Allostasis in Snake Envenomation: changes in the Cortisol,

71

Thyroxine and Thyroid Stimulating Hormone levels of dogs envenomed by
the snouted cobra and African puffadder

Principal Investigator Dr N Viljoen
Supervisors Prof JP Schoeman

Dear Dr N Viljoen,

We are pleased to inform you that your submission conforms to the requirements of the Faculty of Veterinary
Sciences Research Ethics committee.

Please note the following about your ethics approval:
1.

Please use your reference number (REC089-23) on any documents or correspondence with the Research
Ethics Committee regarding your research.

Please note that the Research Ethics Committee may ask further questions, seek additional information,
require further modification, monitor the conduct of your research, or suspend or withdraw ethics approval.
Please note that ethical approval is granted for the duration of the research as stipulated in the original
application (for Post graduate studies e.g. Honours studies: 1 year, Masters studies: two years, and PhD
studies: three years) and should be extended when the approval period lapses.

The digital archiving of data is a requirement of the University of Pretoria. The data should be accessible in
the event of an enquiry or further analysis of the data.

Ethics approval is subject to the following:

1.

The ethics approval is conditional on the research being conducted as stipulated by the details of all
documents submitted to the Committee. In the event that a further need arises to change who the
investigators are, the methods or any other aspect, such changes must be submitted as an Amendment for
approval by the Committee.
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Ethics committee (AEC) once the applications meet the requirements for FVS ethical clearance. As such,
all FVS REC applications for ethical clearance related to human health research will be automatically rerouted
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involve questionnaires aimed at UP staff or students, permission must also be obtained from the relevant
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Annexure B: Client consent forms

Client consent forms, as reported in
R o ot A T S i Owner/representative of the
owner (please delete where not applicable) of ..............cccoiiiiiiiis (name of
animal) @ ......ocoeveiniiiennnn. o [0 I =To 1) ISP (breed) hereby

72

give permission for information (presenting abnormalities, test results, response to
treatment) about my dog to be used in research that will enable veterinarians to

better understand and treat snakebites in dogs.

| understand that a volume of blood (9 ml) will be collected from my dog in addition to
what would normally be collected from him/her for the usual tests done at the
Outpatient’s clinic. | give permission for this to be done.

| understand that data about myself (name, suburb of residence) and my dog (name,
patient number, age, sex, breed and clinical data) will be stored on a computer
database. Personal information that could identify my dog or me will not be divulged
to persons uninvolved in the research without my express consent.
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Annexure C: Examination recording sheets

Examination Finding recording sheets, as reported in (44).

Case no: Date:

Patient sticker

Identification of snake:

Method of identification:

Time and date of bite:

Time elapsed between envenomation and presentation:

Site of envenomation:

Number of fang marks:

Description of envenomation site (with emphasis on degree of swelling as mild, moderate or

severe, bleeding/oozing, painful):

Temperature: Arrhythmia present:
Pulse: Bleeding evident:
Respiratory rate + depth: Loss of swallowing reflex

or any evidence of a

neurological ~ abnormality

Mucous membrane .
(explain):
colour:

Capillary refill time:

<Is | 1s [ 2s | >2s
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Patient detail Date of collection:
Name: Breed:
Age: Sex:
Patient no: Trial Number:
Owner:
Owner hosp no:
Tel no:
Sample Collection procedure Tests and Results
1. Serum 1x 3ml vacutainer
Store remaining sample at -80C1C
2. Citrate 2x 3ml vacutainer TEG tracing
PT
TEG tracing performed at 30 min aPTT
D-Dimers
All coagulation tests: Fibrinogen
Samples to be batched Antithrombin
Citrated plasma stored at -80 [1C
3.EDTA 1x 3ml vacutainer Ht Mono
wCC Eos
PCR & RLB - samples to be batched Nmat Ret %
Whole blood stored at -801C Bands Platelets
Lymph
4. Urine Urinalysis
5ml sample via cystocenthesis pH Colour
SG Appearance
Store remaining sample at -80C1C Proteins Smell
Bilirubin
Urobilino
Haem/bld
5. In saline agglut. Collected at admission ISA
6. Faecal float Collected at admission Float
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Annexure D: Treatment Protocol

Standardised Treatment Protocol for snake-envenomed dogs, based on a review article by

Leisewitz et. al.(13). As described in (44)

Treating cytotoxic envenomation:

Most cases require no treatment, no antivenom administration and recover well. Antibiotics
are unnecessary; unless necrosis of tissues has occurred (e.g. spitting cobra bites). Analgesics
aren’t usually indicated, as pain seems to be minimal in most cases with swelling. Cases
showing progressive swelling or deterioration however should be admitted for observation.

The following treatment regimens may apply:

1. Start on maintenance rates of crystalloid fluid therapy (Shock rates may be necessary
in patients showing hypovolaemic shock).

2. Synthetic colloids can be used (e.g. hetastarch).

3. Whole blood transfusions may be necessary if the haematocrit continues to fall.
Decreased haematocrit may be due to haemorrhage at the bite site, or secondary
immune-mediated haemolysis with evidence of a +ve ISA and haemoglobinaemia or
haemoglobinuria.

4. Intravenous administration of as much antivenom as the owner can afford (as many as
8 vials may be given).

5. If upper airway obstruction occurs due to progressive swelling a tracheostomy tube
must be placed.

6. Critically ill dogs should be placed on intravenous broad-spectrum antibiotic cover.

Treating neurotoxic envenomation:

Dogs suspected to have suffered a neurotoxic envenomation should be observed very closely

and no treatment given until it is obvious that signs are present:

1. If signs of severe weakness or shallow breathing are noticed, an intravenous general

anaesthetic needs to be administered and an ET tube placed. The patient should be
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ventilated manually with an AMBU bag or via a closed circuit anaesthetic machine
while the ventilator is set up.

2. A mechanical ventilator needs to be set up immediately. Ventilation will be required
for at least 6-12hrs while the antivenom is reversing the paralysis. General anaesthesia
is maintained for at least 6-12hrs with pentobarbitone or a constant rate infusion of
propofol before attempts should be made to wean the dog off the ventilator.

3. Administer as much polyvalent antivenom as the owner can afford slowly
intravenously over half an hour.

4. Adequate nursing care of a patient on a ventilator includes regular turning,
maintaining fluid balance, ET tube cleaning via suction and good urinary catheter
management.

5. The use of prophylactic antibiotics is controversial; however human ventilated
patients are very susceptible to developing ventilator-induced pneumonia and are
always placed on broad-spectrum antibiotics.

6. The venom of the snouted cobra may cause neurotoxic as well as local cytotoxic

effects. These cases therefore need to be managed appropriately and effectively.

Treating haemotoxic envenomation:

The most important treatment is administering appropriate antivenom. A limited number of
polyvalent antivenom is kept in the outpatient’s pharmacy. Monovalent antivenom is not kept
routinely and will need to be obtained directly from the supplier (Edenvale, Johannesburg)
via courier. Fresh whole blood or fresh plasma transfusion may also be necessary. Monitor
urine output if renal failure is suspected. Thrombolytics are contraindicated (esp. heparin) as

venom-induced thrombin is resistant to its action. Indications include:

e Any patient with an active bleed (internal or external).
e With laboratory evidence of significant coagulopathy (prothrombin time and partial
thromboplastin time more than double the control).

e Where blood fails to clot in a test tube
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Annexure E: Complete Dataset
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Complete Dataset used for the current study:

Time | Case Number | CRP (mg/L) | TT4 (nmol/L) | TSH (ng/mL) | Cortisol(nmol/L)
0 1 5.1 25 0.137 193
0 5 13.29 6.4 2.16 262
0 6 5.1 32.7 0.049 267
0 9 5.1 16.7 0.216 153
0 10 5.1 23.8 0.228 315
0 15 6.4 0.11 555
0 16 50.64 22.7 0.066 90.2
0 17 12.75 17.9 0.105 361
0 18 5.1 14.2 0.03 28
0 2 5.1 7.1 0.092 549
0 7 20.8 0.435 30.6
0 8 5.1 15.2 0.332 153
0 11 5.1 16.1 0.062 1380
0 12 22.9 0.065 136
0 13 5.1 25.2 0.049 483
0 14 30 0.156 157
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0 20 20.8 0.339 328
0 21 6.8 0.153 169
12 1 64.09 6.4 0.049 102
12 5 5.1 6.4 1.66 249
12 6 89.64 28.2 0.03 49.1
12 9 113.7 21.2 0.167 51.3
12 10 117.65 23 0.155 164
12 15 86.07 6.4 0.064 204
12 16 59.19 15.4 0.092 84.7
12 17 60.59 6.4 0.046 127
12 2 69.43 7.1 0.043 472
12 7 90.71 6.4 0.088 28

12 8 56.53 19.7 0.676 30.9
12 11 6.4 0.069 191
12 12 163.75 11.4 0.148 114
12 13 54.11 6.4 0.03 206
12 14 26.08 25.1 0.05 342
12 20 60.09 17.8 0.22 61.2
12 21 65.27 7.39 0.194 117
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24 1 57.53 6.4 0.101 193
24 5 5.1 6.4 1.41 568
24 6 57.08 20.2 0.038 136
24 9 54.96 11.9 0.191 59.6
24 10 49.56 12.3 0.104 117
24 15 65.93 6.4 0.104 121
24 16 33.43 17 0.077 42.2
24 17 84 6.4 0.037 197
24 2 6.4 0.039 469
24 7 108.19 6.4 0.273 28

24 8 78.34 20.2 0.333 66.8
24 11 121.86 6.4 0.122 552
24 12 68.38 18.5 0.077 105
24 13 77.53 14.5 0.212 117
24 14 8.56 34.1 0.051 46.9
24 20 53.6 24.6 0.245 72.8
24 21 73.55 11.1 0.151 544
36 1 76.54 12.3 0.081 80.3
36 5 5.1 6.4 1.22 134
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36 6 58.36 20.1 0.057 153
36 9 55.16 10.3 0.211 85.8
36 10 45.92 12.8 0.171 28
36 15 60.25 6.4 0.126 63.7
36 16 58.17 10 0.059 67.3
36 7 60.96 6.4 0.293 28
36 8 5.1 16.6 0.33 58.2
36 11 197.3 6.4 0.03 579
36 12 100.6 10 0.062 135
36 13 5.1 15.6 0.103 38.4
36 14 8.65 32.8 0.113 131
36 20 5.1 28.4 0.208 372
36 21 61.52 14.9 0.122 162
Control Dataset
Time Case Number | TT4 | TSH | Cortisol
Control | 300 17.9 | 0.458 | 325
Control | 600 31.5|0.123 | 153
Control | 700 18.4 | 0.245 | 188
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Control | 800 25.210.318 | 95.7
Control | 900 33.5|0.178 | 46.9
Control | 1400 19.9 1 0.24 | 306
Control | 1500 28.4 | 0.116 | 49.7
Control | 1900 22.710.138 | 178
Control | 2000 39.50.081 | 57.7
Control | 2100 40.4 | 0.044 | 25
Control | 2200 24.5|0.108 | 133
Control | 2300 19.2 1 0.318 | 137
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